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PREFACE TO THE ENGLISH TRANSLATION. 


T UNDERTOOK the translation of Professor Claus’ excellent 
“ Lehrbuch der Zoologie” with a view of supplying the 
want, which has long been felt by teachers as well as students 
in this country, of a good elementary text-book of Zoology. 
Professor Claus’ works on zoology are already well known in 
this country ; and I think it will be generally admitted that 
they take the first place amongst the zoological text-books 
of the present day. 

It has been decided to publish the English translation 
in two volumes. The second volume, which begins with 
Mollusca, is in the press, and will, I trust, appear early in 
the autumn. 

The German has been, with one or two unimportant 
exceptions, closely followed throughout. These exceptions, 
and the few additions which I have thought it necessary to 
make, have in all cases been indicated by enclosure within 
brackets. 

I must ask the indulgence of the reader towards the errors 
and deficiencies of this translation. I trust that they will be 
found to be neither numerous nor important. I have to thank 
Mr. Heathcote for the assistance he has given me in the 
laborious work of translation. I am also indebted to Professors 
Newton and Foster, Dr. Gadow, and Mr. W. Heape for advice 
and assistance. 

ADAM SEDGWICK. 


Trinity College, Cambridge, 
1884. 
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GENERAL PART. 


CHAPTER I. 

ORGANISED AND UNORGANISED SUBSTANCES. 

In the world, which is perceptible to our senses, we distinguish 
between living organized and lifeless unorganised bodies. The 
former ( i.e ., animals and plants) are endowed with the power of 
movement, and they remain the same in spite of manifold changes 
both of themselves as a whole and of their parts, and in spite of 
continual cha.ngc of the matter entering into their composition. 
Unorganised bodies, on the other hand, are found in a condition 
of constant rest ; and although this rest is not necessarily fixed and 
unchangeable, yet they are without that independence of movement 
which manifests itself in metabolism. In the former we recognize an 
organization, a composition of unlike parts (organs), in which the 
matter exhibits its activity in a fiuid and dissolved form ; in the 
latter we meet with a mass which is more uniform, though as far 
as the jK>sition anti arrangement of the molecules are concerned, 
not always homogeneous, and in which the various parts continue 
in a state of resting equilibrium so long as the unity of the body 
remains undisturbed. The matter of unorganised bodies (for in* 
stance, of crystals) is in a state of stable equilibrium, while through 
the organised l>eing a stream of matter takes place. 

The properties and changes of living bodies are strictly dependent 
on the physico-chemical laws of matter, and this is recognized more 
clearly as science advances : yet it must be admitted that we are 
entirely ignorant of the molecular arrangement of the material basis 
of a living organism, and it exists under conditions the nature of 
which is as yet unexplained. These conditions, which we may 
designate, as vital without thereby calling in question their depen- 
dence on material processes, distinguish organisms from all un- 
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organised bodies. They relate (1) to the mode of origin, (2) to the 
mode of maintenance, (3) to the form and structure of the organism. 

Living bodies cannot be manufactured by physico-chemical means 
from a definite chemical mixture under definite conditions of warmth, 
pressure, electricity, etc. ; their existence rather presupposes, accord- 
ing to our experience, the existence of like or at least very similar 
beings frqm which they have originated. It appeal's that, in the 
present state of our knowledge, there is no evidence to show that an 
independent abiogenetic generation (generatio < vqnivoca , spontaneous 
generation) actually takes place, even in the simplest and lowest forms 
of life ; although very recently some investigators (Pouchet) have 
been led by results of remarkable but equivocal experiments to the 
opposite view. The existence of the generatio (tquhnxxt would offer 
a very important service to our contention for the physico-chemical 
explanation; it even appears to be a necessary postulate in order to 
explain the first appearatvc e of organisms. 

The second and most important chamcteristio of organisms, and 
that on which the very maintenance of Life depends, is their metabolic 
J ooicer, i.e., the power which they possess of continually using up and 
renewing the matter conq>osing the body. Every phenomenon of 
grow th presupposes the reception and change of material constituents; 
every movement, secretion, and manifestation of life dejiend on the 
exchange of matter, on the breaking down and building up of 
chemical compounds. On this alternating destruction and renewal 
of the combinations of the body substance tw r o properties necessary 
to living things depend, viz., the reception of food and accretion of 
waste products. 

It is the orgamic substances (so called on account of their occurrence 
in organisms), i.e., the ternary and quaternary earl>on conqxmnds (the 
former composed of cartoon, hydiogen, and oxygen, the latter of 
these with the addition of nitrogen, and among the latter are 
included the albumins) which undeigo the exchanges characterising 
metabolism ; they either (in animals) break up under the influence 
of oxidation into sulxstances of simpler composition ; or (in plants) 
are built up by substitution from simpler inorganic substances. 
But just as the general fundamental properties (elasticity, weight, 
porosity) of organisms agree so closely with those of inorganic Ixxlies, 
that it was possible to construct a general theory of the constitution 
of matter, so all the elements (fundamental substances which differ 
qualitatively, and are chemically incapable of further simplification) 
of organic matter are again found in inorganic nature. A vital 
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element, ue., an element peculiar to organisms no more exists than 
does a vital force working independently of natural and material 
processes. Also with reference to the method of arrangement of the 
atoms, organic ami inorganic substances have been erroneously put in 
sharp contrast ; and the whole of the carbon compounds have been 
contemplated as the products of organisms only. Now, however, it 
has been shown for some time not only that the atomic arrangement 
and constitution of both are explained by the same laws, but also 
that a great many of the former (urea, alcohol, vinegar, sugar) can 
be artificially built up by synthesis from their elements. These 
facts point to the probability that many other organic substances 
will be synthetically produced, and among them, albumin ; and they 
also permit us to conclude that in the origination of organised bodies 
the same forces were in action which are sufficient for the formation 
of unorganised bodies. The functions peculiar to organisms, viz., 
metabolism, movement, growth, are accordingly to be referred to the 
proj>erfcies of the chemical comjxmnds composing them, and particu- 
larly to the complicated molecular arrangement of living matter. 

Nevertheless, this important propei*ty of living things, viz., meta- 
bolic action, may under certain conditions be temporarily suppressed, 
without thereby depriving the organism of the power of existence. 
By removal of water or of heat it is possible, in the case of many of 
the lower organisms and their germs, to suspend the vital processes 
for months and even years ; and then to restore the apparently life- 
less l>ody to the full excercise of its vital properties by the simple 
addition of water or warmth (eggs of Apus, Ostracoda, Anguillula 
tritiei. Rot if era — frogs, water insects, plant seeds). 

Finally, the living body is distinguished by its entire form and by 
the manner in which its various parts are connected together ; in 
other words, by its organization. The form of a crystal, the in- 
organic individual, is unchangeable, and is bounded by straight lines 
meeting ait determined angles, and by plane, rarely spherical surfaces, 
which are capable of mathematical expression. The shape of 
organisms,* on the other hand, in consequence of the semifluid con- 
sistency of the material composing them, is less sharply determinable 
and is within certain limits variable. Life manifests itself as a con- 
nected senes of ever-changing states ; and the movements of matter 
are accompanied by growth and change of form. 


* The fact that there are a number of solid excretion products of organisms 
(shells) whose form is mathematically determinable does not of course annul 
this distinction. 
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The organism commencing as a simple cell, the egg or germ, 
develops by a gradual process of differentiation and change of its 
parts up to a definite point at which it has the power of reproducing 
itself ; finally it dies, and breaks up into its elements. The greater 
part of the substance composing organised bodies is more or less 
semifluid and liable to osmotic action, — a condition which appears 
to be necessary both for the carrying on of chemical changes {cw'p&ra 
non agunt nisi soluta ), and for the modification of the entire foiin oi 
the organism ; it is not however homogeneous and uniform, hut is 
composed of solid, semifluid, and fluid parts which exist as com- 
binations of elements of a peculiar form. Crystals do not possess 
heterogeneous units subordinated to one another, which, like the 
organs of living bodies, ser re as instruments for the performance of 
different functions , but are composed of molecules of similar atomic 
constitution; the absence of uniformity in their structure in differ- 
ent directions (planes of cleavage) being due to the arrangement of 
the molecules, and not to any difference in the molecules theniseh es. 
Organs again prove, on examination of their finer stiucture, to be 

built up of different parts 
or tissues (organs of a 
lower order), and these 
a. h again are composed of the 

Fig. 1 — «, ,younj< ova of a Medusa, h, mother-cells ultimate Ullit of Cell, the 
of spermatozoa of & Vertebrate , one of them pro C pjj a [| 

Rented amoeboid movement . ' 9 

is to be traced back to 
the germ cell (ovum, spermoblast) (fig 1.) 

The cell by its properties stands in direct contrast to the ciystal, 
and potentially possesses the properties of the living organism. It 
consists of a small lump of a semi fluid all/uminous substance (proto- 
plasm), containing, as a rule , a druse or vesicular structure , the 
nucleus, and is frequently surrounded by a peripheral structureless 
membrane. If the latter is not developed, the presence of life is 
indicated by a more or less pronounced amoeboid movement, the 
fluid protoplasm sending out and di awing in processes of a continually 
changing form. 

In this organised fundamental sti-ucture, from which all tissues 
and organs of animals and plants are developed, lie latent all the 
characters of the organism. The cell is, therefore, in a certain sense 
the first form of the organism, and indeed the simplest organism. 
While its origin points to the pre-existence of cells of a similar kind, 
its maintenance is rendered possible bv metabolism. The cell has its 
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nourishment and excretion, its growth, movement, change of form, 
and reproduction. With participation of the nucleus it begets by 
division or endogenous cell formation new units like itself, and 
furnishes the material for the construction of tissues, for the for- 
mation, growth and change of the body. With justice, therefore, is 
the cell recognised as the special embodiment of life, and life as the 
activity of the cell. 



Nor is this conception of the significance of the cell as the criterion 
of organisation and as the simplest form of life contradicted by 
the facts that the nucleus also sometimes fails (so-called cytodes of 
Hackel), and that bodies undoubtedly manifesting vital phenomena 
are known which are structureless under the highest power of the 
microscope. Many Schizomycetes (Micrococcus) are so small that 
it is difficult to distinguish them in some cases fiom the granules 
of precipitates, especially when they show only molecular motion 
[Brownean movements] (fig. 3). Consequently , the living protoplasm* 
with its unknown molecular arrangemcnt f is the only absolute test of 
the cell and organism in general . 

While appreciating the essential differences which have been 
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expressed in the above discussion of the properties of living things 
and unorganised bodies, we must not in our criticism of the relations 
between them lose sight of the fact, that in numerous lower forms 

of life, metabolism, anc^ all the 
v activities of life can be completely 

suppressed by the removal of 
warmth and water, without there- 
by injuring the capacity of the 
organism for continuing to live; 
and further, that in the smallest 
• organisms, which are proved to be 

P such by their capacity of repro- 
ducing themselves by their meta- 
bolism, and it is impossible, by 
means of the very strongest powers 
of the microscope, to detect any 
organization. Since, moreover, the 
organic matter composing such 
forms consist of combinations 
which can be produced by synthe- 

Fig. 3. — schizomycetcH (after f. Cohn). independently of organization, 

a. Micrococcus; b, Bacterium termo, we must allow that hypothesis a 

Bacteria found in putrefying bodies . . . , . , 

both in motile and Zooglaea form. Certain justification Wilich asserts 

that the simplest forms of life 
have been developed from unorganised matter, in which the same 
chemical elements occur as are found in organisms. 

Since no fundamental difference has been shown to hold between 
the matter and force of crystals and those of organized beings, We 
might look upon the first appearance of life as essentially only the 
solution of a difficult mechanical problem (with Du Bois Reymond), 
were we not obliged to conclude that there is present even in the 
simplest and most primitive organisms the germs of sensation and 
consciousness, attributes which we cannot regard as simply the results 
of the movement of matter. 


O'*/ 


Fig. 3. — Schizomy cotes (after F. Cohn), 
a. Micrococcus ; b, Bacterium termo, 
Bacteria found in putrefying bodies 
both in motile and Zooglaea form. 
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CHAPTER II. 

ANIMALS AND PLANTS. 

The division of living bodies into animals and plants rests on a series 
of ideas early impressed on our minds. In animals we observe free 
movements and independent manifestations of life, arising from 
internal states of the organism, which point to the existence of 
consciousness and sensation. In the majority of plants, which pass 
their lives fixed in the earth, we miss locomotion and independent 
activities indicative of sensation. Therefore we ascribe to animals 
voluntary movement and sensation, and also a mind which is the seat 
of these. 

Nevertheless these conceptions apply only to a proportionately 
narrow circle of organisms, viz., to the highest animals and plants. 
With the progress of experience, the conviction is forced upon us 
that the traditional conception of animals and plants needs, so far 
as science is concerned, to be modified. For although we find no 
difficulty in distinguishing a vertebrate animal from a phanero- 
gamous plant, still our conceptions do not suffice when we come to 
the simpler and lower forms of life. There are numerous instances 
amongst the lower animals in which power of locomotion and distinct 
signs of sensation and consciousness are absent ; while, on the other 
hand, there are plants which possess instability and the power of free 
movement. Accordingly the properties of animals and plants have 
to be compared more closely, and at the same time the question has 
to be discussed, whether there are any absolute distinctive characters 
which sharply separate the one kingdom from the other. 

1. In their entire form and organization there seems to be an 
essential contrast between animals and plants. Animals possess a 
number of internal organs of complicated structure, lodged within a 
compact outline ; while in plants the nutritive and excretory organa 
are spread out as external appendages, with a considerable superficial 
extension. In the one case there is found an inner, and in the other 
an outer position for the absorbent surface. Animals have a mouth 
for the entry of solid and fluid nutritive matters, which are digested 
and absorbed in the interior of an alimentary canal, into which open 
various glands, (salivary glands, liver, pancreas, etc). The useless 
solid remains of the . food pass out through the anus as faeces. 
The nitrogenous waste material is excreted by a special urinary 
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organ (kidney), mostly in a fluid form. For the movement and 
circulation of the fluid carrying the absorbed nutriment, there is a 
pulsatory pump (heart) and a system of blood vessels, while respira- 
tion is usually carried on in terrestrial animals by lungs, and in aquatic 
animals by gills. Finally, animals possess internally placed generative 
organs, and a nervous system, and sense organs for the production 
of sensation. 

In plants, on the contrary, the vegetative organs have a much 
simpler form. Roots serve to absorb fluid nutriment, while the 
leaves act as respiratory and assimilating organs, taking in and giv- 
ing out gas. The complicated systems of organs found in animals 
are absent, and a more uniform parenchyma of cells and vessels, 
in which the sap moves, composes the body of plants. The gener- 
ative organs also are placed in external appendages, and there are 
no nervous and sense organs. 

Nevertheless, the above mentioned differences are not universally 
found, but rather hold only for the higher animals and plants, and 
gradually disappear with the simplification of the organization. 

Even among vertebrates, and still more is it the case amongst 
mollusca, and the lower segmented animals, the respiratory and 
vasctllar organs are considerably simplified. The lungs or gills may 
fail as special organs, and be replaced by the whole outer surface of 

the body. The blood vessels are 



Fig 4. — Branch of a Polyparmm 1 
CoralUnm rubruxn (after Lacaj 
Duthiers) P, Polyp. 


through the outer walhs of th 


simplified, and sometiiqes they and 
the heart are absent, the blood being 
moved in more inegular streams in 
the body cavity and in the wall-less 
spaces in the oigans. Similarly, the 
digestive organs are simplified ; 
salivary glands and liver may no 
longer be found as glandular appen- 
dages of the alimentary canal. The 
alimentary canal * may become a 
blind, branched, or simple sac 
(Trematoda), or a central cavity, 
the walls of which aie in contact 
with the body wall (Ccelenterata). 
The mouth and alimentary canal 
may also fail (Cestodes), nourish- 
ment being taken in by osmosis 
hody as in plants. Finally, nerves 
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and sense organs are totally absent in many organisms, which are 
looked upon as animals, eg., in the whole of the Protozoa. 

With such reduction of the internal organs it is easy to understand 


that the simpler lower 
animals, such as colonies 
of polyps and the Sipho- 
nophora, should often in 
their outer appearance and 
the manner of their growth 
resemble plants, with which 
they were formerly con- 
founded, especially w hen 
they at the same time 
lacked the power of fiee 
locomotion (Polyps, lly- 
droids, figs. 4, 5). In these 
cases it is as difficult to 
apply the idea of “ indi- 
viduality ” as it is in the 
vegetable kingdom. 

2. Between animal and 
vegetable tissues there exists 
also generally an important 
difference. While in the 
vegetable tissues the cells 
preserve their original form 
and independence, in the 
animal tissues they undergo 
very various modifications 
at the expense of their 
independence . Accoi dingly 
vegetable tissues consist of 
uniform cell - aggregates, 
the individual cells of 



which have retained 
sharply - marked bounda- 
ries; while in animal tis- 
sues the cells give rise to 


Fig 5 — Physopliora hydrostatica. Pn, rneuma 
topbor , S, Swnnmmsf-bells ; T, Dac tylozooid , 
P, polypito or stomach with the ten tin lo-, Sf , 
Nfr, terminal swellings on the latter piovided 
with thiond cells , 6, Clusters of gonophores 


extremely different structures, in which the cells as such do not 


always remain recognisable. The reason for this unlike condition of 


the tissues must apparently be sought in the different structure of 
f 2 
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the cell itself ; the vegetable cell being surrounded outside its pri- 
mordial utricle by a thick non-nitrogenous cuticle, the cellulose 
capsule ; while the animal cell possesses a very delicate nitrogenous 
membrane, or instead of this only a more viscous boundary layer of 
of its own semi-fluid contents. Nevertheless, there are also vegetable 
cells provided only with a simple naked primordial utricle; and, on 
the other hand, animal tissues which resemble vegetable tissues in 
the fact that the cells remain independent and develop a capsule 
(Chorda dorsalis, cartilage, supporting cells in the tentacles of hydroids, 
fig. 6). .. 



Fig. 6 .—a, Vegetable parenchyma (after Bach*), b. Axial cells from the tentaclos of Cam- 

panularia. 

Neither can we, as has been done by many investigators, regard the 
multicellular composition of the body as a necessary sign of animal 
life. For not only are there many unicellular algae and fungi, but 
also animal organisms which are composed of one simple or complexly 
differentiated cell (Protozoa). Finally, it is not possible to see any 
reason why unicellular animals should not exist, especially when we 
consider that the cell forms the starting-point for the development of 
the animal body. 

3. 1 least of all can a test be found in the reproductive processes. 
In plants indeed we find a predominance of the asexual method of 
increase by spores and buds, but similar methods of increase are 
widely present amongst the lower and more simply organised ani- 
mals. Sexual reproduction is effected both in animals and plants by 
processes which are essentially similar ; consisting in both of the 
fusion of the male element (spermatozoon) with the female element 
(ovum) ; and the form of these elements presents in both kingdoms a 
great agreement, at any rate they are in every case derived from 
cells. The structure and position of the generative organs inside the 
body, or as outer appendages of it, cannot be regarded as a distin- 
guishing mark, inasmuch as in both kingdoms the greatest difference 
prevails in this respect. 
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4. The chemical constituents and the metabolic processes in animals 
and plants present, on the whole, important features of difference. 
Formerly great importance was attached to the fact that plants 
consist chiefly of ternary (non-nitrogenous) compounds, while animals 
consist of quaternary nitrogenous compounds ; and a greater impor- 
tance was attached in the former to the carbon, in the latter to the 
nitrogen. But ternary compounds are found to be largely present 
in the animal body, e.g., fats, carbohydrates ; while, on the other hand, 
quaternary proteids play an important part in those parts of a plant 
which are especially active in growth. Protoplasm found in the 
living vegetable cell is richly nitrogenous, and of an albuminous 
nature; and it agrees in its micro-chemical reactions with sarcode, 
the contractile substance of the lower animals. In addition, the 
modifications of egg albumen, known as fibrin, albumen, and casein, 
are also found in vegetable cells. Finally, it is not possible to 
mention any substance which is universally and exclusively found 
either in animals or in plants. Chlorophyll (green colouring matter 
of leaves) occurs in the lower animals (Stentor, Hydra, Bonellia), 
while, on the other hand, it is totally absent in Fungi. Cellulose, 
a peculiar non-nitrogenous substance found in the outer membranes 
of vegetable cells, occurs in the mantle of Ascidians. Cholesterin, 
and certain substances especially characteristic of nervous tissues, 
are also found in plants (Leguininosa?). 

Of far greater importance is the difference in the nourishment and 
metabolic processes. Plants take up with certain salts (phosphates 
and sulphates of the alkalies and earths) more especially water, 
carbonic dioxide (carbonic acid), and nitrates or ammonia compounds, 
and build up organic compounds of a higher grade from these binary 
inorganic substances. Animals, in addition to taking up water and 
salts> require organic food, especially carbon compounds (fat) and 
nitrogenous, albuminous substances; which, in the cycle of metabo- 
lism, break down to nitrogenous waste products (amides and acids), 
kreatin, tyrosin, lecucin, urea, etc. ; uric acid, hippuricacid, etc. Plants 
exhale oxygen, whilst they are decomposing carbon dioxide by means 
of their chlorophyll under the influence of light, and are forming in 
their chlorophyll corpuscles organic substances from carbon dioxide 
and solutions containing combined nitrogen. Animals take up oxygen 
through their respiratory organs for the maintenance of their meta- 
bolism. The processes of metabolism and of respiration, therefore, in 
the two kingdoms are indeed mutually determinant, but have an 
exactly opposite result. The life of animals depends on the analysis 
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of complex compounds, and is essentially an oxidation process, by 
which potential energy is converted into kinetic (movement, produc- 
tion of heat, light). The vital activity of plants, on the contrary, is 
based, so far as it relates to assimilation, on synthesis, and is 

essentially a process of reduction ; 

f under the influence of which the 

energy of warmth and light is stored 
up, kinetic energy being converted into 

Nevertheless, this difference also is 
not applicable as a test in all cases. 
Recently the attention of investigators 
has been turned, especially by Hooker 
and Darwin,* to the remarkable nutri- 
tive and digestive processes in a group 
of plants which were first observed a 
hundred years ago (Ellis). The plants 
in question catch, after the manner of 
animals, small organisms, especially in- 

I’m. 7 -Loaf of Drowra rotundifoha, sects > and idj SOrb from them through 
with partially contracted tentacles the glandular surface of their leaves 
(after Darwin). the organic matter after a chemical 

process resembling animal digestion (leaves of the Sun-dew, Drosera 
rot undifolia, and the fly-catcher, Dioncea muscipula. Figs. 7 & 8). 

Many parasitic plants and 
V \ \ \ \ 1 / / / almost all fungi have not, 

\\W\1 / J / however, in general, the 

/ power of making organic 

Mil ifpl 1 1 jilt * substances from inorganic, 

m but suck up organic juices; 

and in taking up oxygen 
C. - — and giving out carbonic 

acid, they present a re^pi- 
vr* ^ ratory process resembling 

Fig. 8 -Leaf of Dionsea muRCipulain expanded that found in an i ma l s . 
condition (after Darwin). 

It was established by 
Saussure’s observations that all plants require oxygen at certain 
intervals; that in those parts of plants which aro not green, not 
possessing chlorophyll, and also in the green parts in the absence 
of sunlight, i.e. at night, a consumption of oxygen and exhalation 
* Compare ^specially Ch. Darwin, " Insectivorous Plants.” London. 1875. 


Fig. 8 —Leaf of Dionsea muscipula in expanded 
condition (after Darwin). 
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of carbonic acid goes on. In plants, therefore, together with 
the characteristic deoxidation process, there is always found a 
process of oxidation analogous to that occurring in animal me- 
tabolism; by which a part of the assimilated substances is again 
destroyed. The growth of plants is impossible without the con- 
sumption of oxygen and the production of carbonic acid. The more 
energetic the growth, the more oxygen is consumed, as indeed the 
germinating seed or the quickly unfolding leaf and flower buds 
rapidly consume oxygen and excrete carbonic acid. In this con- 
nection should be mentioned the fact that the movements of proto- 
plasm depend upon the inspiration of oxygen. The production of 
heat (in germination), also of light ( Agarlcus olearius) is accompanied 
by an active consumption of oxygen. Finally, there are organisms 
(yeast cells, Schizomycetes) which indeed manufacture both nitro- 
genous and albuminous compounds, but do not assimilate the carbon 
of carbonic acid, but rather derive the necessary carbon from pre- 
pared carbohydrates (Pasteur, Cohn). 

5. Voluntary movement and sensation , according to the common 
view, is the chief characteristic of animal life. Formerly, the power 
of free locomotion was looked upon as a necessary property of 
animals ; and as a consequence of this the fixed colonies of Polyps 
were considered to be plants, until Peyssonnel brought forward 
proof of their animal nature, a view which by the influence of the 
great naturalists of the last century has gained general recognition. 
More recently, on the discovery of the existence of motile spores 
of algfe, it was first recog- 
nised that plants also, 
especially at certain stages 
of their development (fig. 

9), possessed the power of 
free locomotion, so that 
we are compelled to direct 
bur attention to the signs 

by which the voluntary p IG g — Zoospores, a, of Phymrum ; b, of Monohtroma ; 
nature of the movement c > Ulothrix ; d, of Bedoyomum ; e, of Vaucheria 
, , . , , „ , . (alter Itemke). 

can be decided for a dis- 
tinction between the respective movements of animals and plants. 
As such for a long time was regarded the contractile nature of the 
movement as opposed to the uniform movements of plants earned 
out with rigid bodies. 

In the place of muscles, which as a special tissue are absent in the 
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lower animals, there is present an undifferentiated albuminous 

substance known as sarcode, the contractile matrix of the body. The 

■ viscous contents of vegetable cells, 

a b known as protoplasm, possesses likewise 

VfcSJ— the power of contractility, and re- 

(j® sembles sarcode in its most essential 

fL c n properties. Both present the same 

cd \ V®? chemical reactions and agree in the fre- 

^ ^ quent presence of cilia, vacuoles, and 

cC streams of granules. Pulsating spaces, 

the contractile vacuoles, are not ex- 

Itf?' clusively a possession of sarcode, but 

may also occur in the protoplasm of 

vegetable cells ( Gonium , Chlamydo- 

vnonas , Cha tophora). The contractility 

of the protoplasm of vegetable cells 

Pig. io. — Zoospores of Acthahum is, as a rule, limited by the cellulose 

neptuum after de Bary «, m me mbrane, but in the naked cells of 
condition of batching , b, as 7 

mastipopods , c, mthe ama-boid Volvoeitia and Saprolegnia, and in the 
stage, d, a piece ot plaamodium. aina . b<l _ like forms 

occurring in the 

development of Myxomycetes , the contractile power is as intense as 
in the sarcode of Infusoria and Bhhopoda. The amoeboid move- 
ments of the plasmodium of Myxomycetes (fig. 10) are not inferior 

in intensity to those of a genuine 
^ \ f Amoeba belonging to the Rhizo- 

V ' / / poda, e.g., Amreba polypodia {pyrin - 

t . r l , cejis), (fig. 11). In these similar 

# ' i phenomena of movement of the 

«- O.q * low r er animals and plants we seek 

/\:. in vain an y test of volition, the 

• W A -iLLa interpretation of which will depend 

^ ' ° ^ upon the individual judgment of 

’ / ' 0 io * y the observer. 

f y J "~ \ ' The faculty of sensation, which 

J' ; is inconceivable as a function of 

^ matter and which must be always 

Pig ii — Ammba Dactyiosphara poiyjwdia. pre-supposed wherever we have 
n, nucleus. Pv, contractile vacuoic (after f 0 do with voluntary movement 
Fr E. Scbultzc) J ’ 

can by no means be affirmed with 
certainty in all animal organisms. Many of the lower animals entirely 
lack a nervous system and sense organs, and, on stimulation, exhibit 
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but slight movements not more intense than those of plants. This 
irritability, however, appears widely present among the higher plants. 
The sensitive plants move their leaves on the application of mechani- 
cal stimuli (Mimosece), or bend like the sundew (Drosera, fig. 7) 
small knobbed processes of the leaf surface which are comparable to 
the tentacles of polyps. The fly-catcher ( Dioncea , fig. 8) brings the 
two halves of the leaf together in a valve-like manner when touched 
by insects. The stamens of the Centaurea contract along their whole 
length on mechanical and electrical stimulation, and according to the 
same laws as do the muscle of the higher animals. Many flowers 
open and shut under the influence of light at certain times of the 
day. 

Accordingly irritability as well as contractility appears to be a 
property both of vegetable tissue and of the protoplasm of vegetable 
cells; and it is not possible to determine whether volition and 
sensation, which we exclude from these phenomena in plants, play a 
part in the similar sensory and motor phenomena of the lower 
animals. 

In none of the above-mentioned characteristics of animal and 
vegetable life, then, do we find any absolute test, and we are not in 
a position to indicate the presence of a sharp line between the two 
kingdoms. 

From the common starting-point of the contractile substance * 
animals and plants are developed in different directions ; at the 
beginning of their development they present many kinds of resem- 
blance, and it is only on their attaining a more complete organization 
that the full opposition between them is apparent. In this sense, 
without wishing to draw a sharp line between the two series of 
organization, we can define our conception of an animal by putting 
together all the characteristics distinguishing the direction of animal 
development. 

An animal, therefore, is to be defined as an organism provided 
with the power of free and voluntary movement, and with sensation; 
whose organs are internal, and are derived from a development of 
the internal surfaces of the body ; which needs organic food, inspires 
oxygen, changes potential energy into kinetic under the influence cf 
oxidation processes in metabolism, and excretes carbonic acid and 
nitrogenous waste productr. 

* The formation of an intermediate kingdom for the simplest forms of hfo 
is neither scientifically justified, nor from practical considerations desirable. 
On the contrary, the acceptance of the Protista would only double the difficulty 
of determining the limit. 
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Zoology is the science which has animals for its subject, and which 
seeks to examine the phenomena of their structure and life, as well 
as their relations to one another and to the outer world. 


CHAPTER III. 

THE ORGANIZATION AND DEVELOPMENT OF ANIMALS IN GENERAL. 

In the foregoing comparison of animals and plants for the 
establishment of a correct idea of the meaning of the word “ animal,” 
the great variety and the numerous grades of animal structure have 
been hinted at. Just as the complex organism is built up from the 
ovum by a process of gradual differentiation, and often during its 
free life passes through conditions which lead in ascending series 
to an ever higher development of the parts and to a more complete 
performance of functions; so, if the animal kingdom be examined as 
a whole, there is apparent a similar law of gradually progressing 
development, of an ascent from the simple to the complex, manifest 
both in the form of the body and in the composition of its parts as 
well as in the completeness of the phenomena of life. 

It is true that the grades of animal structure do not, like those of 
the developing individual, follow the one upon the other in a single 
continuous series; and the parallel between the developmental 
gradation of types in the animal kingdom as a whole and the suc- 
cessive conditions of an individual animal breaks down in so far as 
we distinguish in the former, as opposed to the latter, a number of 
types of animal structure often ovorlappmg, but still, in their higher 
development, essentially different from each other. These we regard 
as the highest divisions of the system. 

INDIVIDUAL — ORGAN — STOCK . 

The animal organism, when viewed from a physiological and mor- 
phological stand-point, presents itself as an independent and indivisible 
unit, as a “ complete individual.” Amputated limbs or excised parts 
of the body do not develop into new animals; in fact we cannot 
usually remove a single piece of the body without thereby endanger- 
ing the life of the organism, for it is only as a complex of all its 
parts that the body can retain its full vital energy. With reference 
to the property of the indivisibility of the individual, we understand 
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by the term organ every part of the body which as a unit subordi- 
nate to the higher unit of the organism presents a definite form and 
structure, and performs a corresponding function $ that is to say, an 
organ is one of those numerous instruments on the combined work- 
ing of which the life of the individual depends. 

There are certainly among the simpler animals many instances in 
which the term individual in its usual sense cannot be rightly 
applied. In such cases we have to do with structures which from 
their development must be termed individuals, and represent indi- 
viduals, accordingly, in a morphological sense. A great many of them 
are, however, fused to a common stock, forming what is known as a 
colony, and are related physiologically to this, as organs are to an 
organism. They are accordingly incomplete or morphological indivi- 
duals, which are usually incapable of leading a separate existence ; 
and, when they differ from each other in form and function, dividing 
amongst themselves the labours, the performance of which is neces- 
sary for the maintenance of the whole colony, they always perish 
if separated from it. 

Such polymorphous* stocks of animals present the properties of 
individuals although they are morphologically aggregations of indi- 
viduals which behave physiologically as organs (fig. 5). On the other 
hand, groups of organs can acquire individual independence. 

In the animal body organs do not always remain single, but the 
same organ may be often repeated. The manner of the repetition is 
dependent on the kind of symmetry, which may be radiate or bilateral. 
In animals with radiate symmetry, the Radiata , it is possible to 
connect two opposite points of the body by an axis, which may be 
called the chief axis, and to divide the body by sections passing 
through this axis into a number of equivalent and symmetrical parts 
known as antimeres. The organs which are not repeated are situated 
in the chief axis of the body, while the other organs, which are 
uniformly repeated in each antimere, are situated peripherally. Bach 
antimere contains, therefore, a definite group of organs and represents 
a secondary unit, which, together with its fellows and the central 
organs, constitutes the primary unit, i.e., the perfect animal. 

In a radiate animal a number of lines can be drawn at right angles 
to the chief axis, corresponding in number to the antimeres, and 
each passing along the middle of an antimere; such lines are known 
as radial . Similarly, a corresponding number of inter-radial lines 

* Vide R. Leuckart, “ Ueber den Polymorphism us der Individuen und die 
Erscheinung der Arbeitstheilung in der Natur.” Giessen, 1851. 
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can be drawn, passing between the antimeres. A vertical section 
through a radial line divides the corresponding antimere into two 


A 0 



J 


Fig 12 a — Boa-urchin (diagrammatic) 
J , inter radius with the doublo row 
of mterambulacral plates and the 
genital organs O , -ZP, radii with the 
double row of ambulacral-plates 
perforated by the ambulacral pores, 
A, anus 


R 



Fig, 124 — Shell of a Sea-urchin soen 
ti om above Jt, radius w ith the per- 
forated plates , J, mter-radius w ith 
the corresponding generative organs 
and then pores. 


equal parts, while a similar section through an inter-radial line 
divides one antimere from its neighbour. Radiate animals may have 

two, three, etc., radii ; and in 
animals which possess an uneven 
number of radii, one radius and 
one inter-radius always fall in the 
same veitical plane (fig. 12 a, b r 
and fig. 13). In animals with an 
even number of radii, on the con- 
trary, each vertical plane passes 
through two radii or two inter- 
radii. A vertical section passing 
through one radius would, if pro- 
longed, pass through the radius of 
the opposite antimere (fig. 14a). For 
example, an animal with four radii 
possesses four antimeres, each of which will be divided into two, by 
two radial vertical sections passing at right angles to each other 
through the chief axis; while they will all be separated from each 
other by two similarly directed inter-radial sections. 

Biradiate forms (the Ctenophora) possess, on the contrary, only two 
radii, which lie in a common vertical plane. A second vertical plane 
crossing the first at right angles passes through the inter-radii, and 



Fig. 13 — 9fcar-flsh (diagrammatic) G , 
generative organ in rater-radius , At, 
position of the ambulacral ieet in the 
radii. 
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divides the antimeres from each other. The first, in which the 
greater number of organs are repeated, may be designated the 
transverse plane , while the second, corresponding to the median plane 
of bilateral animals, is known as the sagittal plane (fig. 146). 



Fig. 14a — Acalepha laiva (Ephjra) 
jRk, marginal body , Gf> gastric fila- 
ment. Ac, radial-canal , O , mouth. 



Fig 146 — Ctenopheran seen from 
above 8, sagittal plane, T, tians 
verse plane , A, vibratilo plates , Of, 
gastric canals. 


In the bilateral arrangement, which is found also in each individual 
antimere of the Radiata, only one plane, the median plane , can be 
imagined, which parses through the chief axis and divides the body 
into two exactly similar parts (right and left). These two halves, as 
opposed to antimeres, may be termed parameres. 

Ill bilateral animals we distinguish an anterior and 
posterior end, a right and a left side, and a dorsal 
and a ventral surface. The unpaired organs are 
placed in the middle line, on each side of which, in 
the two halves of the body, are placed the pah ed 
organs. The plane which is placed at right angles 
to the median plane (passing from right to left) and 
separates the unlike dorsal and ventral halves of 
the body, is known as the lateral plane. The anti- 
meres of the Radiata also consist of two pirameres, 
and are therefore bilateral, in that the vertical plane 
passing through the radius like the median plane 
divides them into two similar parts. 

The same groups of organs or similar parts of 
the same organ may also be repeated in a longitu- 
dinal direction. This occurs especially frequently 
in bilateral, less frequently in radiate animals 
(< strobUa ). The body thus obtains a segmentation, 
and is divisible into successive sections, the segments or metameres , 



Fig. 16 —Segmented 
worm (Pol 3 chaete) 
Ph s pharynx , D, ali- 
mentary canal , C, 
cirrus , F, tentacle 
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which are placed one behind the other, and more or less completely 
resemble each other in structure ( Annelids , fig. 15). The successive 
segments may in structure and function appear completely equiva- 
lent, and represent, like the antimeres of the Radiata, individuals 
of a lower order, which on the severance of their mutual connec- 
tion can acquire independence and remain alive for a shorter or 
longer period {proglottis of Cestodes). 

In animals of higher organization the segments are much more 
intimately connected, and are mutually dependent, but they lose at 
the same time their complete homonomy. In the same degree as the 
metameres acquire an unlike structure, and corresponding to this a 
varying importance in the life of the organ- 
ism, they lose their individual independence, 
and sink more and more to the value of organs. 

The metameres in the polymorphous 
colonies are quite analogous to the segments 
of the individual. In them there follow, one 
behind the other, similar groups of different 
individuals, each of which fulfils singly the 
conditions necessary for existence, and there- 
fore can continue to live as a colony of a 
lower order when separated from the stock 
( Eudoxia , Diphyes , fig. 16), 

The distinction into a higher and lower 
order also holds for organs. There are organs 
which are reducible to a single cell, or to an 
i ter r. Lcuckart). d, aggregation of equivalent cells (simple organs), 

hydrophy ilium ; <?*, tfono- and others in the formation of which various 
pliore ; P, Polyp with . 

tentacle The groups of cells and tissues (compound organs) partici- 

mdivniuais separate them- p a t e and which frequently, in their turn, may 

be divided into parts different m structure 

and function. The compound organs of higher order are composed 

of different parts which function as organs of a lower order. These, 

again, are composed of various kinds of cells and cell derivates, which 

are organs of a still lower order. Finally, in the last analysis, we 

come to the cell or the area of protoplasm corresponding to it, which 

is the simplest and ultimate organ. On the other hand, we group 

together organs of different order, which are intimately connected so 

far as their chief function is concerned, under the name of system 

(vascular system, nervous system) or apparatus (digestive apparatus), 

although we cannot clearly distinguish them from compound organs. 
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CELLS AND CELL TISSUES. 

The constituent parts of which an organ is made up are known as 
tissues. They possess a definite structure, visible with the help of 
a microscope, and have either the form of cells or of structures 
derived from cells. Tissues have a function corresponding to tlieir 
special structure, and this function determines the whole function of 
the organ. They may, therefore, be regarded as organs of a lower 
order. The ultimate unit, the organ of the lowest order, or ele- 
mentary organ,* from which all tissues are derived, is the cell. 
The essential part of a cell is not, as we have already seen, the 
membrane or the nucleus, but the protoplasm, with its special 
molecular arrangement, in which reside the functions of independent 
movement, of metabolism and of reproduction (fig. 1). 

The nucleus of a cell is either a solid mass of protoplasm or a 
more fluid structure enclosed by a firm membrane, and may con- 
tain one or more solid bodies (nucleolus). Different as are the 
forms which the nucleus may take, it always contains a fluid sub- 
stance, the nuclear fluid , and a pro- 
toplasmic substance, the nuclear 
substance of a special importance 
for the functions of the nucleus 

• 17 > 

An important and very general 
property of protoplasm is its 
power of contractility. The living 
mass presents, in connection with 
metabolism, phenomena of move- 
ment. These movements are not 
merely confined to the currents of 
solid particles suspended in the 
viscous contents of the cell, but 
are shown also in the change of 
form of the whole cell. If the outer part of the protoplasm has 
condensed so as to give rise to a cell membrane, i.e., if the cell has 
acquired a distinct wall, the changes in its form are very much 
restricted. In other cases the movement shows itself in a quick 
or slow change in the outer form. The cell in this case manifests 

* Th. Schwann, “ Microscopische Untersucb ungen iiber die Uebereinstiminung 
in der Structurund dem Wachsthum der Thiere unci Fflanzen.” Berlin, 1889. 
Fr. Leydig, “ Lehrbuch der Histologic des menseken und der Thiere/’ Frank- 
furt a.M. 1857. 



Ftu 17 — Different forms of nuclei (after 
R Hertwig). u, nucleus from a cell 
of a Malpighian tubule of a caterpil- 
lar. by nucleus of a Holiozoon with 
a cortical layer and nucleolus in the 
nuclear fluid. c f nucleus from the 
egg of a Sea-urchin. Nucleolus im- 
berlded in a protoplasmic fibrous net- 
work surroundod by nuclear fluid. 
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the so-called amoeboid motion ; it sends out processes, draws them 
in again, and is able by such means to change its position. This 
capacity of change of form is especially possessed by young undif- 
ferentiated cells, which have not developed an outer membrane. 
Such cells in their later growth usually develop a cell membrane, 
which accordingly is not, as was formerly supposed, a necessary 
constituent of the cell, but is merely an indication that the cell 
has undergone a certain amount of differentiation from its early 
indifferent condition. 

It has been already pointed out that the fundamental properties 
which distinguish the life of organisms manifest themselves also 
in the life of their constituent cells. According to our present 
knowledge, cells always originate from pre-existing cells ; a process of 
free cell formation, as conceived by Schwann and Schleiden, indicated 
by the precedent origin of nuclei in a formative organic material, 
has never been proved. 

Such a process may, however, take place when the formative 
matter is the plasma of a cell, or of several cells fused together 
(plasmodium). In such cases we have a process of free cell forma- 
tion (e.g., spore formation in Myxomycetes) which certainly is not 
clearly marked off from a process of new formation within the mother 
cell, and is to be looked upon as a modification of the so-called 
endogenous cell formation. This leads us to a consideration of the 
very widely distributed method of cell increase by division. When 
the cell has reached a certain size by the absorption and assimilation 
of nutrient matter, the protoplasm separates itself into two nearly 
equal portions, this process being usually preceded by the division of 
the nucleus. Each portion receives half of the original nucleus. 

During its division the nucleus undergoes, as has been recently 
shown in many instances, peculiar differentiations and changes (fig. 
18). It becomes spindle-shaped ; its contents take on the form of 
longitudinally arranged strife, running from pole to pole of the 
spindle ; the centre of each of the strife becomes thickened, giving 
rise to a cross equatorial zone of granular matter, the nuclear plate 
(thickened zone). The central thickenings constituting the nuclear 
plate divide. Each half travels towards the poles of the spindle, 
and becomes there enclosed in a clear fluid mass, which appears in 
the protoplasm. From these two structures the new nuclei are 
formed at the poles of the now dumb-bell shaped nuclear spindle, the 
striae of which vanish during the constriction of the protoplasm, 
which has already commenced and quickly progresses. The division 
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is completed when the young nuclei, proceeding from the two poles 
of the nuclear spindle and the surrounding clear protoplasm, have 
attained their definite size, and the remains of the fibres have been 
absorbed. 

During these processes the protoplasm of the cell has gradually 
become more and more constricted by a furrow which is directed 
transversely to the long axis of the nuclear spindle, and which after 
the completion of the division of the nucleus brings about a separa- 
tion of the cell contents into two masses — the daughter cells 
(fig. 18). 

If the products of the division are unequal, so that the smaller 
portion may be looked upon as a production of the larger, we give 
the name “ budding ” to this form of reproduction. 



Fig. 18. — ProcoH&es of cell division m an embryonic blood corpuscle of a chick (after 
Butschli). K, nuclear spindlo. Kp, nuclear plate or equatorial thickening. 


Finally, the term endogenous cell formation is applied to that 
method of increase in which the cells originate within the mother- 
cell. In this case the protoplasm does not divide by a progressive 
constriction and separation into two or more parts, but differentiates 
itself round the newly formed nuclei, with which the original nucleus 
may persist. 

The ovum which we have to contemplate as the starting-point of 
the development of the organism produces by these various methods 
of cell multiplication the material of cells which serves for the for- 
mation of the tissues. Groups of originally indifferent and similar 
cells break up and assume severally a changed appearance. The 
constituent elements undergo various differentiations, and from them 
and their derivates is produced a definite form of tissue, endowed 
with a function corresponding to the peculiarity of its structure. 

The separation of groups of different cells leading to the establish- 
ment of various tissues prepares the way for the physiological 
division of labour between the organs, which, like the tissues compos- 
ing them, can, according to the functions which they perform, be 
divided into organs of vegetative life and organs of animal life . 

The former have to do with the nutrition and maintenance of 
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the body; the latter, on the contrary, serve for movement and 
sensation, functions which are exclusively the property of animals 
(as opposed to plants). For the sake of clearness we will divide the 
vegetative tissues into two groups, — into cells and cell-aggregates 
(epithelium), and into tissues of connective substance. In the 
tissues of animal life we distinguish muscular and nervous tissues. 
This classification of the tissues has no other aim than to facilitate 
a general review of the different forms of tissue, and to render 
possible a criticism of their relationships; it lays no claim to establish 
an absolutely sharp line between the various groups. 

1. Cells and cell-aggregates. Cells may either be free and isolated 
from each other, floating in a fluid medium, or they may be placed 
near one another forming part of an aggregation of cells spread out 
superficially. To the fonner belong the cells of the blood, chyle, and 
lymph. The blood of invertebrates, which is generally colourless, and 



Fig 19 — Blood-corpuscles (after Eckei ). a, colourless blood corpuscles from the heart of 
the fresh water mussel ( Anodouta) b, ti om the caterpillar of Sphinx, c, red corpuscles 
from Proteus, d , from the smooth adder, d', lymph corpusclos of the same, e, red 
corpuscles of the fiog f, of the pigoon. f\ lymph corpuscles of the same, g, red 
blood corpuscles of man 

the blood of vertebrates, which is with few exceptions red, consists 
of a fluid albuminous plasma containing numerous blood-corpuscles 
in suspension. These corpuscles are in invertebrates irregular often 
spindle-shaped cells, endowed with the capacity of amoeboid move- 
ment. In the blood , of vertebrates, in addition to such colourless 
amoeboid corpuscles there are found red corpuscles (discovered by 
Swammerdam in the frog) ; and these are so numerous as to give 
the blood a uniformly red appearance to the unaided eye. They are 
thin discs with an oval, nearly elliptical or circular (Mammalia 
Petromyzon) contour, with nuclei in the first case, and without 
nuclei in the second (except in the embryo) (fig 19). They contain 
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the red colouring matter of the blood, hmmoglobin, which plays so 
important a part in respiration. They arise in all probability from 
the colourless corpuscles which are always far less numerous in 
normal blood. The colourless corpuscles are genuine cells of variable 
form, and have the power of amoeboid motion (migration into tissues, 
regeneration of tissues, etc.) ; they come from the lymphatic glands, in 
which they arise as lymph corpuscles, and eventually pass with 
the lymph stream into the blood. The ova and spermospores, after 



Fio. 20. — Spermatozoa, a , of Medusa. 6, of a Nematode, e, of a Crab. d, of Torpedo. 
e, of Salamander (with undulating membrane). f> of Frog. g % of a Monkey (Cerco- 
pitbecus). 

they have separated from the epithelial layer in the wall of the ovary 
and testis, as well as the spermatozoa produced from the spermospores, 
respectively belong to the category of free cells. The form and size 
of the spermatozoa present great variations. They always consist of 
a modified cell, frequently of a very small cell with a long flagellum, 
nucleus, and remains of protoplasm. In many cases the head is 
elongated into a fibre-like structure, or is twisted like a corkscrew 
(Birds, Selachians). Sometimes a distinct head is absent, and the 
spermatozoon is thread-like (Insects). In the Nematodes the sperm- 

3 
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atozoon is hat-shaped ; while in Crustacea it has the form of a cell, 
with long radiating processes (fig. 20). 

Epithelial tissues consist of aggregations of cells which as simple 
or stratified layers cover the external and internal surfaces of the 
body, and which line its closed spaces ( Endothelium ). According to 
the different shape of the cells composing it, we distinguish cylin- 
drical, ciliated, and pavement epithelium. In the first case the cells, 
in consequence of the elongation of the long axis, are cylindrical 
(fig. 21, c) ; in the second, the free surface of the cells is beset with 
vibratite cilia or flagella (fig. 21, cZ), which are continuous with the 
living protoplasm of the cell. If only one flagellum projects from 
the cell (sometimes a flat cell fig. 21, b) then the name flagellate cell 
is applied (collared cell of sponges, fig. 21, e). Finally, in the case of 
pavement epithelium (fig. 21, a) the cells are flattened; and if there 



Pig. 21. — Various kinds of epithelial cells a, Flat cells. h t flat cells with flagella (from a 
Medusa), c, cylindrical cells. <?, ciliated cell, e, fiagellato cell with collar (from 
sponge). /, cylindrical cell with porous border (intestinal epithelium). 


is more than one layer the superficial cells are fiat, while those in 
the deeper layers are more and more rounded. 

While the cells of the lower layers retain their semi-fluid character, 
and are occupied in continual cell division and growth ; those of the 
upper layers possess a firmer consistency, gradually become homy, 
and are thrown off as scales or continuous flakes, to be replaced by 
the continuous growth of the lower layers. Thick stratified layei*s 
of •omified cells, almost fused with one another, give rise to indurated 
or horny structures (nails, claws, hoofs), which may form a more or 
less complete coat for the body and function as protective exoskeleton 
(fig. 21, a t of). 

There are also ceils the free surface of which is distinguished by a 
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well-marked thickening. The protoplasm of the free surface of such 
cells becomes hardened so as to give rise to a thick superficial border, 
perforated at right angles to its surface by a number of fine canals 


which give it a striated ap- 
pearance (intestinal epithe- 
lium, fig. 21, f 9 epidermis cells 
of Petromyzon). If these 
thickened borders fuse to- 
gether so as to form a con- 
tinuous layer which obtains 
a certain independence, we 
obtain cuticular membranes, 
which, according to their ori- 
gin, may be homogeneous or 
stratified (fig. 22, a, b, c), and 



Fig 22c — Ou t cuticle with briBtles in 
the condition of ecdysis CV, 
newly-formed cuticle (Branchipu«) 



Fig 22 —a, C uticle and hypodermiB of the larva of 
Coretln a b, cuticle and k\ podermis of a Gastro 
pacha caterpillar, v, ith two poison tflands beneath 
coi responding 1 bristles 

may exhibit various patterns of different 
kinds. Very frequently the surfaces 
of the individual cells are indicated on 
the cuticle as polygonal figures; and, 
in addition to the very fine pores, 
theie are also found larger passages pro- 
duced tty out-growth from the cells. 
These latter lead to the appearance of 
various cuticulai appendages, such as 
hairs, bristles, scales, etc., which are 


placed on the cuticulai pores, and con- 


tain as a matrix their special cell or a process of it. Cuticular 


membranes may obtain a very considerable thickness, and, by the 
deposition of calcareous salts, a high degree of firmness (carapace of 


Crustacea) so that they acquire the value of skeletal tissues, which, 
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however, it is generally difficult to distinguish from certain connective 
tissues. 

While cuticular structures are solid secretions which are of use 
in supporting and giving a definite form to the organism, there are, 
on the other hand, various fluid secretions proceeding from cells 
which give rise to no structures, and which are often of considerable 
importance from a chemical point of view. In this case the epithe- 
lium becomes glandular tissue. In the 'simple cases the gland is 
constituted of a single cell, the secretion of which either passes out 
through the free surface of the membrane, or a special opening in 




Fig 24 — iTtihtno glands a, then ongra as m 
vernations ot the epithelium, b, perfect gas- 
tuc glmds 

it (fig. 23). If several cells enter 
into the formation of a gland, 
they are arranged in the simplest 
cases round a central cavity, which 
receives the secretion. The gland 
then has the form of a sack or 
blind tube, derived from an inva- 
, gination of the epithelium, either of 
the inner or the outer surface of the body, into the subjacent tissue. 

From this fundamental form the larger and more complicated 
glands are to be derived, as the result of continued regular and 
irregular outgi*owth. While their form presents great variations, 
they are universally characterised by the transformation of their 
terminal portion into a duct; this differentiation may also appear 
in the simple glandular tubes, and even in the unicellular glands 
(figs. 23, 24). 


Fig 23 —Unicellular glands a, goblet 
cells from the epithelium of the small 
intestine of a vertebrate 6, umcel 
lular cutaneous gland of Argulus 
with long duct t, unicellular cuta- 
neous gland of insects with cuticular 
duct 
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2. The tissues of the connective substanoe. Under this term 
there are included a great number of different tissues which morpho- 
logically resemble each other in the presence of a greater or less 
amount of intercellular substance, intercalated between the cells (con- 
nective tissue corpuscles). They connect and surround other tissues, 
and serve as supporting and skeletal structures. The intercellular 
substance arises from the cells as a differentiation of the peripheral 
part of their protoplasm ; it cannot accordingly be genetically clearly 
distinguished from the cell membrane and its differentiations, which 
we have considered in connection with epithelial tissue. The cell 
walls already produced by the protoplasm may also become fused 
with the intercellular substance, and so contribute to its increase. 
The intercellular substance is usually secreted by the whole periphery 
of the cell, and presents great variations both in its moi-phological 
and chemical characters. 

When the amount of intercellular substance is small, the tissue is 
called cellular or vesicular connective tissue. This form is found 


especially in meduste, molluscs, and 
worms, and to a less extent in verte- 
brates (notochord, fig. 25), and is not 
sharply marked off' from cartilaginous 
tissue. Embryonic connective tissue, 
which consists of closely aggregated 
embryonic ceils, evidently closely re- 
sembles it. 

Mucous or gelatinous connective tissue 

is characterised by possessing a watery 

hyaline and gelatinous matrix. The 

condition of the cells in each case is 

different. Frequently they send out 

delicate, often branched processes 
. . . . ... , . Fig. 25,— Vertebraof larva of a toad 

which anastomose with one another (after Gotte). ch, notochord ceils ; 

and form a network. In addition, Ch8 ' notochord sheath ; sic, skeie- 

. togenous tissue ; N, ypmal cord. 

however, parts of the intercellular 

substance may be differentiated into bundles of fibres (Wharton’s 
gelatine in the umbilical cord). Such forms of tissue are found 
amongst the Invertebrata, e.g., in Heteropods and Medusae, whose 
gelatinous disc, in consequence of the reduction or complete absence 
of cells, is reduced to a layer* of soft or hardened connective tissue 
but little different in its origin, as a unilateral c.ell excretion, from 
cuticular structures (Hydroid Medusae, swimming bells of Siphono- 
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phora). The so-called secreted tissue of young Ctenophora, and the 
gelatinous tissue of Medusae and Echinoderm larvae, into which cells 
eventually migrate, being at first absent, has a similar relation 

(fig. 26). 



Pig. 26. — Gelatinous tissue of Rhizostoma. F, fibrous network ; Z, cells with processes j 
Z', the same in division. 

Reticular connective tissue consists of a network of star-shaped 
and branched cells, the spaces of which contain another kind of 
tissue element. In the so-called adenoid tissue, which functions as 
the supporting tissue of the lymph glands, the contents of the inter- 

A form of connective 
tissue very widely scat- 
tered amongst the Ver- 
tebrates is the so-called 
fibrillar connective tissue 
(fig. 27). This consists 
of a large proportion 
of spindle-shaped, or 
also branched cells, and 
of a solid intercellular 
substance, totally or par- 
tially broken up into 
bundles of fibres, which 
possesses the property of 
yielding gelatine on boiling. If the protoplasm of the cells is mostly 
or entirely used up in the formation of fibres, fibrous tissue is produced 
with nuclei in the position of the original cells. Very often the 
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fibres have a wavy outline, and are arranged nearly parallel to one 
another (ligaments, tendons). In other cases they cross one another 
at an angle in different directions (dermis), or they present a net-like 
arrangement (mesentery). Fat tissue consists of ordinary connective 
tissue in which the cells are for the most part round and contain 
greater or smaller fat globules. 

If the normal fibrillse and bundles of fibrillse be treated with acids 
and alkalies, they swell up, and a second form of fibre, which resists 
these re-agents, comes into view. These are the elastic fibres (fig. 28), 
so called because they preponderate in 
tissue which is especially elastic. They 
present a tendency to branch and to 
form networks, and often possess great 
strength (ligamentum nuchce , arterial 
wall). They may also be spread out and 
connected together so as to form a perfo- 
rated membrane (fenestrated membrane). 

Cartilage is another form of connective 
tissue. It is characterized by the shape 
of its cells, which are usually spherical, 
and its firm intercellular substance. The 
latter contains chondrin, and determines 
the rigidity of the tissue. Externally, 
cartilage is covered by a vascular connective tissue-coat, known as 
the perichondrium. When the intercellular substance is very 
slightly developed, we get tissues which are transitional to the cellular 
connective tissue. 



Fig. 29. — o, Hyaline cartilage with cells. b t Fibro-cartilage. 

According to its special constitution, three kinds of cartilage may 
be distinguished, viz., hyaline (fig. 29, a ), fibrous (fig. 29, b ), and 



Fig. 28.— Elastic fibres, a ; 
b, network. 
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elastic cartilage; the latter containing a network of elastic fibres. 
There are also intermediate forms, approximating to the fibrillar 
connective tissue, in which cartilage cells may be surrounded by 
bundles of connective tissue fibres. The cells are placed in spaces, 
which are usually round, in the intercellular substance, and are sur- 
rounded by firm layers which are separated off from the latter, and 
have the appearance of capsules. These so-called cartilage capsules 
were formerly looked upon as the membranes of the cartilage cells, 
analogous to the cellulose capsules of plant cells ; a view of them 
which is not in any way opposed by wliat is known as to their 
development as secretions of the protoplasm. Nevertheless, the 
capsules stand in closer relation to the earlier formed intercellular 
substance which has been produced in the same way, in that they 
often fuse with it. The growth of the cartilage is accordingly in the 
main interstitial. We frequently see in the spaces in the cartilage 

several generations of cells 
surrounded by special capsules 
placed one within the other. 
In such cases the secreted cap- 
sules have remained separate 
from the intercellular sub- 
stance. Certain kinds of car- 
tilage, moreover, have spindle- 
shaped cells, and sometimes 
Pig 30. — Incrusted. cartilage, or cartilage bone. ^ ie ce ^ s ar(i prolonged into 

numerous radiating processes. 
Calcareous salts may also be deposited in the intercellular substance 
in a greater or less quantity. In this way arises the so-called in- 
crusted cartilage, or the cartilage bone (fig. 30), which in the sharks 
is present as a persistent form of skeletal tissue, but in the higher 
vertebrates only as a transitional structure. Cartilage owes its special 
usefulness as a skeletal tissue to its rigidity. It is sometimes found in 
the Invertebrata (Cephalopoda, tubicolous worms such as Saliella 
Ccelenterata), and very generally in the Vertebrata, whose skeleton 
always contains a certain amount of cartilage, and in fishes may be 
exclusively constituted of it (cartilaginous fishes). 

Osseous tissue possesses a still higher degree of rigidity. The 
intercellular substance is strengthened and hardened by the deposi- 
tion of carbonate and phosphate of lime, while the cells (the so-called 
bone corpuscles) possess numerous fine processes which anastomose 
with each other (fig. 31 a, b, c). The cells occupy spaces in the com- 
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pact intercellular substance, which is also traversed by numerous 
canals, known as Haversian canals. These contain the nutritive 
blood-vessels and correspond exactly 
in their course and branchings 
to the latter. The intercellular 
substance consists of lamella*, which 
are arranged concentrically round 
the canals. The Haversian canals 
begin on the suiface of the bone, 
which is covered by a vascular and 
nervous connective tissue layer, 
known as periosteum, and open 
into larger spaces (manow spaces), 
which in the long bones occupy 
the axis of the bone, but in the 
spongy bones have 
dibti ibution. 

In a second form of osseous tissue the cells themselves 1 email) in 
the outer part of the excieted intercellular substance, and only their 



irregulai 


Fig 31 r — Longitudinal neotion tin ough a 
long Lone ( itttr Kolliker) O, Haver- 
sian can il 



Fig 31 b - Transverse section tluough a long ^ 1G — X, spaces containing tlic bone 

bone (after KolUkei) X, bom coipu^clcN , eoipusilcs and then procenseh— they 
Q, Haversian canals , L, lamelU open into the Hn'veisim tanal, He 

(.iftoi Kolliker) 

numerous processes, which iiui parallel to one anothei and aie of 
great length, are embedded in it. The intercellular substance, 
which is hardened by the deposition of calcaieous salts, is theiefore 
traversed by a great numbei of fine tubes. It is deposited on one 
side only of the cells, and in its origin recalls the hard carapace 
of the Crustacea, which is similarly traversed by prolongations of 
cells. 

This kind of osseous tissue, traversed by fine parallel tubes, is 
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found in osseous fishes, and quite universally as the dentine of 
teeth (fig. 32). 

With regard to its development, 
bone is preceded by soft connective 
tissue or by cartilage. In the first 
case, it develops by the transfor- 
mation of the connective tissue 
cells into bone corpuscle^, and by 
the hardening of the intermediate 
tissue. More frequently it is pre- 
ceded by cartilage ; and this holds for 
a great part of the vertebrate skele- 
ton. Formerly great importance was 
attached to this difference in the origin 




iliv-tingukheil from a second- 

ary method of bone develop- ' 

ment. In realitv the two PlQ 33 -A sectl0n ot 0B " lfyln « earning, (alter 
J Fioy) a, Smaller marrow Bpaces placed in the 

processes resemble each other cartilage, b, ditto, with cells of the cartilage 

closelv. For in the latter marrow ’ c ’ remaiDS of the calcified cartilage , 

ciosexy. ror m tne latter ^ la^er marrow spacos , <>, osteoblasts 

case, in conjunction with a 

precedent deposition of lime, and partial destruction or reduction 
of the cartilage, there is a new formation of a soft connective 
tissue-substance (osteogenic substance) from the centre outwards, the 
cells (osteoblasts) of which give rise to bone corpuscles, and the 
intermediate tissue becomes the hard basis of bone (fig. 33). More- 
over, cartilage bones grow in thickness at the expense of the 
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periosteum, the connective tissue of which is directly transformed 
into bony substance. 

3. Muscular tissue. We ascribe the property of contractility to the 
protoplasm itself of the active cell ; but we observe that, even in 
the protoplasmic body substance of the Infusoria, a striated arrange- 
ment obtains in those parts in which the contractile function especially 
resides. By a similar differentiation of the protoplasm certain cells 
and aggregations of cells possess 
in a much higher degree the 
power of contractility, and give 
rise to the so-called muscular 
tissue which serves exclusively for 
movement. At the moment of 

their activity these Cells undergo Fig 34r/ —Myoblasts of a Medusa 

a change of shape ; they become (Aurelia), 

shorter and broader than when at rest. 



■itflS 

Knis 


In many Ccelenterata, cells are found in which a part only of the 
cell is developed into a contractile fibre. It is the deeper parts of 

such cells which give rise to 
delicate muscular fibres or net- 
works of fibres, while the 
superficially placed body of 
the cell ' (myoblast), the part 
which produces the above, 

performs other functions, and 
H usually bears a eilium. In 

consequence of their epithelial- 
like arrangement, the myo- 
* blasts receive the name of 

muscle-epithelium (fig. 34 a , 
h ). In their further develop- 
ment the greatest part of the 

Fig. 34&.— Muscle-epithelium of n Medusa cell protoplasm appears to 

(Aurelia). . . r ,.f , 

give rise to contractile muscle- 

substance ; and sometimes the whole cell becomes elongated into a 

muscle fibre. 

Two kinds of muscles, which are morphologically and physiologically 
different, are to be distinguished, viz., the smooth muscles^ or con- 
tractile fibre-cells ; and the cross-striped muscle-substance. 


* These cells have been called neuro-muscular cells ; a misleading term, since 
it cannot be shown that they have had anything to do with the origin of 
ganglion cells. 
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In the first case we have to do with fiat, spindle-shaped, or band- 
shaped elongated cells, and with layers of such cells. They react 
slowly to nervous stimuli : they enter the condition of contraction 
giadually, and remain conti acted for some time. The contractile 
substance appears foi the most part to be homogeneous, but it is 
sometimes longitudinally stiiated. The smooth muscles have the 

widest distribution amongst the 
a \ Inveitobiata , but they are also 

\ \ * found invertebrates, in the walls 

8 \ % / \f of numerous oigans( vessels, ducts 

M ] % of glands, intestinal wall) (fig. 35). 

u — «g5 ' j Cioss-stnped muscle consists 

\a r) M / of cells, more fiequently of multi- 

vL // H | nucleated so-called primitiv e bun- 

li II En dies. ^ i s cliaiacteiised by the 

J I fil Ml partial oi complete transfoima- 

f nj jW m ydfe I tion of its protoplasm into a cross- 


Fig 33— a, smooth muscle fibio v-olitecl l , 
piece of an arten (aftti Frt> ) 1 , r utei 

connective tissue layei , 2, tin, middle Ju\er 
formed, of smooth muscle fibres 3, n< n mi 
cleated mnei layei 
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striped substance, consisting of ^ 

special doubly ref met mg elements “* J Uiffi 

(sarcous elements) connected to 

gether by a simply ref r ictmg mtei - Fig 30 — Pi umtiv e Mn e &,ci oss striped 
mediate substance (fig. 36, «, b). 

Physiologically, this form of mus- 
cular tissue is , charactered by the eneigetic and considerable 
contraction which immediately follows its excitation, a piopeity 
which renders it especially suitable for the cai lying out of powerful 
movements (muscles of vertebrate skeleton). 

In the simplest cases the cross-striped fibrillae are produced by the 
deeper parts of the myoblasts, which form a continuous flat surface 
epithelium (muscle epithelium) above the layer of delicate fibres 
(Medusse and Siphonophora) (fig. 34 b). In the higher animals they 


i !l 1 inuwBmwm wui* 

Fig 30 — u, Piumtivefibic &,ci oss striped 
muscle hbie (pumitivc muscle bundle) 
of Laceit i w ith nei\ t teimmation 



ORGANIZATION AND DEVELOPMENT OP ANIMALS IN GENERAL. 45 

arise from the transformation of a greater quantity of protoplasm, 
and almost the whole contents of the cell are concerned in their 
production. Rarely the cells remain single, and never acquire more 
than one nucleus, so that the muscle is’ composed of only a single cell 
(eye muscles of Daphna). Sometimes the cells become elongated 
into long fibres, the primitive bundles ; the nuclei at the same time 
increase in number, and a membrane, the sarcolemma, becomes 
developed on the outer surface of each fibre. More frequently, 
however, the primitive bundles arise by the fusion of several cells 
placed in a row. Either the nuclei come to lie close to the sarco- 
lemma in a peripherally-placed layer of finely granular protoplasm, 
or they are arranged in a row in the axis of the fibre in some finely 
granular non- contractile protoplasm. The finer and coarser muscular 
bundles are composed of many primitive bundles (fibres) placed close 
together and held together by connective tissue. The fibrillation of 
the muscular bundles corresponds to the direction of the primitive 
bundles (muscles of Vertebrata). Finally, both the simple cells, and 
the multi-nucleated muscles which arise from them, may be branched 
(heart of Vertebrata, intestine of Arthropods, etc). 

4. Nervous tissue. As a rule, nervous tissue is found with mus- 
cular tissue, and is the means by which stimuli are conveyed to the 
latter; but above all, it is the seat of sensation and the will. With 
regard to this important function it would appear probable that in 
phylogeny the elements of nervous tissue have not arisen in con- 
nection with muscular tissue, but in connection with the sense 
cells found in the skin, Le., differentiated Ectoderm cells, and that 
then, still remaining connected with the sense-cells, they have 
travelled inwards into the subjacent tissue ; while the connection 
with the muscle-cells, which at first possessed an independent 
irritability, is only secondary. 

Nerve-tissue contains two distinct structural elements, nerve cells 
or ganglion cells, and nerve fibres ; both possess a distinct minute 
structure and molecular arrangement, as well as chemical compo- 
sition. 

The ganglion cells act as centres for nerve-stimuli, and are found 
especially in the central organs which are known as brain, spinal 
cord, or simply ganglia. They usually possess a finely granular 
contents, with a large nucleus and nucleolus and one or more pro- 
cesses (unipolar, bipolar, multipolar, ganglion cells), one of which 
is the root of a nerve fibre (fig. 37, a , b). 

Frequently the ganglion cells are enclosed in connective tissue 
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sheaths, which are prolonged over their prooesses and so over the 
nerve fibres. Very generally several ganglion cells are enclosed 
in a common sheath. 

Nerve fibres are either centrifugal, i.e., they carry nervous impulses 
from the central organ to the peripheral organs (motor, secretory 

nerves) ; or they are centripe- 
tal, i.e., they carry them from 
the periphery to the central 
organs (sensory nerves). They 
are prolongations of ganglion 
cells, and, like them, are fre- 

ale 


Fig 37 . — a bipolar ganglion coll b t nerve cell, 
from the human spinal cord (anteiior cornu), 

(after Gerlach) P, pigment bod^ 

quently enclosed in a nucleated sheath. „ 

2,, . _ „ 3R— Isove fibres (partly after M 

An© larger and smaller nerves are Schuitze) non-meduiiated sympa- 

composed of a number of such fibres tbet * c fibre h> me duiiated fibres, one 
Jr # ol them commencing with coagulation 

bound together. According to the of the axis cjimdei e, meduiiated 

minute structure of the nervous sub- T ' e, ’ ve hbre Wlth the hheath of 

Schwann 

stance we distinguish two kinds of 

nerve fibres — (1) the so-called meduiiated neives, with a double 
contour ,* (2) the non-medullated or naked axis cylinders (fig. 
38, a , b 9 c). 

The former are distinguished by the fact that, on the death of 
the nerve and as the result of coagulation, a strongly retractile 
fatty substance which forms a sheath for the nerve fibre comes into 
view. This sheath is known as the medullary sheath, and the 
central fibre as the axis cylinder. The medullary sheath disappears 
near the ganglion cell, the axis cylinder only entering the protoplasm 
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of the latter. They possess in addition an outer sheath, known as 
the sheath of Schwann (cerebro-spinal nerves of most vertebrates). 

In the second form, i.e., in the non-medullated nerve fibres, the me- 
dullary sheath is absent, the axis cylinder being either naked or sur- 
rounded by a connective tissue sheath. The axis cylinder here also 
is connected with a ganglion cell (sympathetic nerves, nerves of 
Cyclostomata and Invertebrates). Very often, however, and this is 
especially the case with sense nerves, we find that the axis cylinder 
may break up into very fine nerve fibrillae, and be, so to speak, 


iesolved into its elements. 

Finally, the nerves of In- 
vertebrates very often appear 
as finely striated bundles of 
fibrillae, in which, on account 
of the absence of a sheath, it 
is not possible to recognise 
the limits of the individual 
axi^ cylinders. 

Peripheially the sensor} 
nerves become connected with 
acces'-oiy structures (end-or- 
gans), derived usually from 
epithelial cells and their cuti- 
cular products, or rarely from 
connective tissue substance 
(Tactile organs). The end- 
organs are therefoie for the 
ino^t part derived from modi- 
fied epithelial cells (sensory 
epithelium). Ganglion cells 
aie fiequently found inserted 
in the course of the nerve 
fibres close to their term inat ion 
(fig. 39, a, b, c.) 



Fk 39 —Rod shaped sense cell* fiom the olfac- 
toi\ organ (aftei Max Schultze) a, from, the 
fiog Si supporting cell between two ciliated 
rod-cell* b, from man. c, fiom pike Pro- 
bable connection between the neive fibnll® 
and the sense cells 


INCREASE IN SIZE AND PROGRESSIVE DIFFERENTIATION, DIVISION OF 
LABOUR AND PERFECTION. 

The lowest organisms possess neither tissues nor organs foimed 
from cells. The whole organism consists of a single cell. The body 
of such an animal is composed of protoplasm, and its skin of the 
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cell membrane. The latter is often without an opening for the 
entrance of solid bodies ; the entrance of food being entirely effected 
by endosmosis. In such cases, e.y., in the Gregarines and parasitic 
Opalines, the outer body- wall suffices, like the membrane of the cell, 
for the performance of such vegetative functions as the absorption 
of food and the removal of the excretory products. The protoplasm 
(Sarcode) constitutes the body parenchyma, and is the seat of the 
animal and vegetative vital activities. 

Accordingly there results a definite connection between the 
functions of the peripheral layer and of the included ma^, in which 
the processes of animal and vegetative life are carried on. This 
connection pre-supposes a definite relation between the superficial 
area of the surface and the size of the mass, and this relation changes 
as growth proceeds. For while the surface increases by squares, the 
mass increases by cubes ; while the mass increases in three dimensions, 
the surface only increases in two, and therefore as growth proceeds 
the relation changes to the disadvantage of the latter. In other 
words, with increase of size the superficial area becomes relatively 
smaller. Finally it becomes relatively so small that the vegetative 
processes cannot be carried on, and it is necessary for the mainte- 
nance of life that for a given energy of life it should be increased 
by the production of new surfaces. 

This holds not only for the simple unicellular organisms, which 
resemble cells in their nutritive processes, but also for cells them- 
selves whose size never exceeds certain fixed limits. Further, as 
the organism increases in size, not only does it divide into several 
cells, but these cells arrange themselves in such a way as to give 
the largest possible extent of surface. The cellular organism accord- 
ingly acquires not only an outer but also an inner surface on which 
the cells are arranged in a regular layer. With the appearance of 
an inner surface, a division of labour is established. The outer layer 
carries on the anim.l functions and such vegetative processes as 
those of respiration and excretion, while the inner (digestive cavity) 
serves for the rece 2 >tion and digestion of food . 

We thus not only see that increase in size must be accompanied 
by an increase in the complexity of organization, but also bring out 
at the same time the essential characteristics of animal organization. 

The numerous cells developed from the original simple organism 
were at first equivalent to one another, and all endeavoured to take up 
a peripheral position (colonies of Protozoa— FoJrar—Blastosphfere) (fig. 
40, a, b.) Then, in consequence of the needs of the growing organism, 
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it became necessary that they should be divided, so as to bound two 
surfaces, into an external and an internal layer ; the one forming 
the outer wall of the body and known as ectoderm, and the other 


lining the central cavity (digestive 
cavity) known as endoderm ; these 
two layers being continuous with 
one another at the opening of the 
central digestive cavity, or mouth 
opening (fig. 40 c). The cells of 
the two layers, in correspondence 
with the difference in their function, 
possess a different structure. Those 
of the outer layer, which carry on 



the animal functions, are usually 
cylindrical ciliated cells containing 
a pale albuminous substance ; those 
of the inner layer are more rounded 
and of a darkly granular aspect ; 
they may Also bear cilia for the 
movement of the contents of the 
cavity which they line. In actual 
fact we find this form, which from 
a physiological standpoint is the 
simplest organism with cellular dif- 



ferentiation that we can conceive 
of, realised in the two-layered “ gas- 
trula,” which appears in the de- 
velopment of almost all groups of 
the animal kingdom as a free- 
swimming larva, and to which the 
adult sexually mature Ccelenterate 
closely approximates. 

As the organism increases in 
size, additional complications ensue. 



These result partly from a still fur- Fl& 40 _ a> Ce u colony of young Yoivox 

ther increase of surface brought Globator (after Stem) b, Blastosphere 
, ... stage of an Acalepha larva {Aurelia 

about by secondary invaginations Aurxta) c , Gastmia stage of b , Be, 

and partly from the appearance of Ectoderm, Bn, Endoderm, 0, Blasto 

some intermediate tissue placed be- pore ( mouth of Gastrula ) 
tween the two primary layers. The secondary invaginations perform 
special functions and give rise to glands ; while the intermediate 
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tissue, developed from one or both of the primary layers, primitively 
serves as a support for the body and forms the skeleton ; and it also 
gives rise to muscles which increase the organism’s power of move- 
ment and apply themselves, on the one hand, to the ectoderm 
(somatic muscles), and on the other, to the endoderm (splanchnic 
muscles). Between the primary layers of the body there is primi- 
tively present a space, the primary body cavity.* Subsequently a 
second space, developed as a split in the intermediate tissue may 
appear, giving rise to the secondary body cavity.f From the latter 
the vascular system is developed. 

Contemporaneously with the appearance of muscles a nervous 
system is usually differentiated from modified cells of the outer layer. 
Outgrowths from the body also are developed, which may have either 
a radiate or a bilateral arrangement. They take the form either of 
organs of nutrition (gills) originating from the need for an increase of 
surface, or of organs of prehension and movement (tentacles, limbs). 

The increasing complexity of organization depends, therefore, not 
only upon the extension of the surface* endowed with vegetative 
functions, and on the appearance of the organs of animal life, but 
also on a progressing process of division of labour ; which results in 
a clearer and more definite localization of the various functions, 
necessary for the maintenance of life, in special organs. The greater 
this specialization the more completely will each organ be able to 
discharge its special functions, and supposing a proper co-ordination 
between the working of all the organs, a great advantage accrues 
to the organism, which is thereby rendered capable of a higher and 
more complete life. Therefore we find, as a general rule, that the 
larger the body and the more complex the organization, the higher 
and more perfect is the life. In this relation, however, the form and 
arrangement of the organs which characterize the various group* 
(types), as well as the special conditions of life which are limited by 
them, must be taken into account as compensating factors. 

CORRELATION AND CONNECTION OP ORGANS. 

The organs of the animal body stand in a mutually limiting rela- 
tion to one another, not onlf in their form, size, and position, but 
also in their actions ; for since the existence of an organism depends 
upon the blending of the individual performances of all its organs 
to a united manifestation, the various parts and organs must all, in 

* Usually known as segmentation cavity. — E d. 
t Usually known a* “ body cavity.” or *• coelom,*' — En. 
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a definite and regular manner, be adjusted and subordinated to one 
another. This relation of dependence, necessarily resulting from the 
conception of the organism, has been very suitably termed “ Corre- 
lation ” of organs ; and many years ago served for the establishment 
of several principles, the cautious application of which has been of 
great service to the comparative method. 

Each organ, in order that it may properly discharge the functions 
which are requisite for the maintenance of the entire machine, must 
comprise a certain number of working units, and consequently must 
have a certain size and possess a form dependent partly on its func- 
tions and partly on its relation with other organs. If an organ 
becomes abnormally enlarged it increases at the expense of the sur- 
rounding organs, and the form, size, and function of the latter 
become injuriously modified. It, in fact, led Geoffroy St. Hilaire to 
enunciate the “ principe du balancement des oryanes ” — a principle 
which was not at first generally accepted, but which enabled that 
investigator to establish the doctrine of “ Abnormalites ” (Teratology). 

The organs which are physiologically similar, i.e., organs which per- 
form in general the same function, as, for instance, the teeth or the 
alimentary canal or the organs of movement, undergo great and 
various modifications; and the particular methods of nutrition and 
habits of life, as well as the external conditions which must be ful- 
filled if the life of any particular genus is to continue, depend upon 
the special arrangement and action of the individual organs. Given 
therefore the special form and arrangement of a particular organ or 
part of an organ, it is possible to arrive at conclusions concerning 
the special structure, not only of many other organs, but even of 
the entire organism, and to reconstruct to a certain extent the whole 
animal so far as its essential features are concerned. This was first 
done by Cuvier for many extinct Mammalia, with the aid of scanty 
fragments of fossil bones and teeth, in a masterly manner. 

If .we regard the life of the animal and its maintenance, not as the 
result, but as the end sought, as the aim of all the special arrange- 
ments and actions of the individual organs and parts, we are led to 
the “ principe des causes finales ” (des conditions d’ existence) of Cuvier, 
and consequently to the so-called teleological doctrine by which we 
certainly do not attain to a mechanico-physical explanation. However 
that may be, this theory, if it be Regarded merely as an expression 
of the reciprocal relations which necessarily exist between the form 
and function of the parts and of the whole, and not in the Cuvierian 
sense as implying the existence of design, renders important and 
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indispensable service to the understanding of the complicated corre- 
lations and the harmonious adjustments in the organic world. 

The same plan of structure and arrangement of the organs is not 
found, as Geoffroy St. Hilaire asserted in his theory of analogies, 
in the whole animal kingdom ; but, on the contrary, there are, as 
Cuvier stated, several plans of organization or types. The term 
“Type” was applied by Cuvier to the chief, i.e., the most compre- 
hensive and general divisions of his system; and each type was 
distinguished by the sum of the characters of its form and structure. 
In the essential characteristics of their structure, the higher and 
lower members of the same type agree, while in the unimportant 
details they present the most marked differences. The different 
types themselves do not represent absolutely isolated groups* nor 
groups which are exactly equivalent to one another, but in a greater 
or less degree they are related to one another ; this is evident after 
an examination of the lower forms and a careful comparison of the 
developmental histories. 

To morphology belongs the task of pointing out the identity of plan 
under the most diverse conditions of organization and habits of life, 
not only among animals of the same group but also between those of 
different groups. This science has for its object the determination 
of homologies , as opposed to analogies which concern the similarity 
of function, i.e,, the physiological equivalence of organs found in 
different groups, e.g the wing of a bird and that of a butterfly. That 
is to say, it has to trace back to the same primitive structure parts 
of organisms belonging to the same or different groups, which with 
a different structure and under deviating conditions of life discharge 
different functions ; as, for example, the wing of a bird and the 
fore-limb of a mammal ; and so to show their morphological 
equivalence. In the same way the organs of similar structure which 
are repeated in the l>ody of the same animal, e.g., the fore and hind 
limbs, are designated as homologous. 

THE STRUCTURE AND FUNCTION OF THE COMPOUND ORGANS. 

The vegetative orgayis comprise the organs of nourishment which 
are necessary for all living organisms, whether animal or vegetable. 

In the former, however, they gradually and in the most intimate 
connection with the pr ogressive development of the animal functions, 
attain a higher and more complicated structure. In animals, the 
reception of food is followed j*y its digestion. The substances to be 
assimilated, 'vyhich have bee^ made soluble by digestion, enter a 
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nutrient fluid {blood) which permeates the body, and is carried in 
more or less definite tracts to all the organs. To the latter the 
blood yields its ingredients, and receives from them such decom- 
position products as have become useless, and carries them away to 
be excreted in definite organs. The organs which serve for the 
performance of the different functions of nutrition and excretion 



Fi<^ 41. — Rotalia veneta (after M. Schultze) with a diatom caught in the pseudopodial 

network. 


consist of the apparatus for the reception of food and for its diges- 
tion, and for blood formation ; and of the organs of circulation , 
respiration, and of excretion . 

Digestive organs. Even animals which have only the value of a 
single cell (Protozoa) swallow solid particles of food. This is effected 
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in the simplest cases, as in the Amoebae and Rhizopoda, by prolon- 
gations of the sarcode (pseudopodia) surrounding the foreign body 
(fig. 41). In the Infusoria, which are covered by a firm cuticle, 
there is a central semi-fluid mass of sarcode (endoplasm), which is 
distinct from the more compact peripheral layer of sarcode (ecto- 
plasm), and which* receives the nutrient substances through the 
mouth and digests them. 


Rows of larger cilia are 
present, which serve the 
purpose of procuring food 
(adoral ciliated zone of the 
Ciliata) (fig. 42). 




Fig 42 — Stjlonyclna m^tilus 
(after Stem) viewed from the 
ventral surface, U r z, adoial 
zono of cilia, C, conti actile 
vacuole, N, nucleus, A',nude 
olus (paranucleus). A, anus 


Fig 43 —Longitudinal section thiough tho 
body of an Anthozooid (Octactmia) 
M t stomachic tube with the mouth open- 
ing in the centre of the feathei-like tenta- 
cles, Mf t mesenteric folds, a, genital 
organs. 


Among the animals with cellular differentiation {Metazoa), the 
internal cavity of the body in the Coelenterata (morphologically 
identical with the alimentary cavity and not with the body cavity 
of other animals) functions as a digestive cavity, and its peripheral 
radially arranged portions as a system of vascular canals (gastro- 
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vascular canals). In the larger Polyps ( Anthozo*,) Vf^tube derived 
from an invagination of the oral disc projects into\h& cyptral part v 
of the digestive cavity. This is known as the stomach 
although it serves entirely for the introduction of food. an^MsfeottTd 
be called rather the buccal or oesophageal tube (fig. 43). 

Organs for the prehension of food are found even with this simple 
digestive system. For near the mouth are placed radially or bilate- 
rally arranged appendages or processes of the body, which set up 



MA 


Fig 44 — Aurelia aunta soon fiom the oral surface MA, tho foui oial tentacles with tht 
mouth in the centie , GK, genital folds, Oil, opening of the genital pouches , Ri, mai 
gmal bodies , RG, radial canals , T, tentacles at the margin ol tbo disc 


currents to convey small particles of food, or as tentacles seize foreign 
bodies and convey them to the mouth (Polyps, Medusae) (fig. 44). 

Such appendages serving for the capture of prey may also be 
placed further from the mouth (tentacles of Medusae, Siphonophora, 
Ctenophora). 

When the digestive cavity acquires a wall distinct from the body 
wall, and usually separated from the latter by the body cavity (ex- 
cepting the parenchymatous worms), it appears in the simplest cases 
as a blind tube, which may be either simple, bifurcated, or branched 
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(fig, 45), with sharply marked off pharyngeal structures (Trematoda, 
Turbellaria), or as a tube communicating with the exterior by an 
anus (fig. 46). 

Jn the last case it becomes divided so as to lead to the distinction 
of three parts — (1) of the fore-gut (o&sophagus) for the reception 
of the food, (2) of the mid-gut for the digestion of the food, and 
(3) of the hind-gut for the expulsion of the undigested remains of 
the food. Sometimes the alimentary canal aborts ; and, as in the 
mouthless Protozoa (Opalina), the mouth opening may be absent 

(Acanthocephala, 
Cestoda, Rhizoce- 
phala). 

In the higher 
animals, usually, not 
only is the number 
of the divisions 
greater, but their 
shape and structure 
becomes more com- 
plicated. The organs 
for the seizure of food 
also become more 
complicated, and the 
appendages placed 
nearest the mouth 
often become modified 
to subserve this func- 



Pio. 40.— Alimentary canal of 
a young nematode. O, mouth ; 
Oe, fore -gut (oesophagus) with 
pharyngeal dilatation, Ph , D, 
mid-gut ; A, anus. 


Fig. 46. - Alimentary Fig. 40.— Alimentary canal of tion. A special 
canal of Distoinum a young nematode. O, mouth . 

hepaticum (after It. 0e > fore -gut (oesophagus) with chamber, the buccal 

Deuckart) ; D, alunen- pharyngeal dilatation, PA, D, cavity, becomes 

tory canal; ©.month. »**"»> ^ marked off from the 

fore-gut, in front of or within which hard structures, such as jaws and 
teeth, for the seizure and mastication of the food are placed ( Vertebrata, 
Gastropoda); and into which secretions (salivary) having a digestive 
function are poured. The masticatory organs are sometimes placed 
completely outside the body in front of the mouth, and consist of modi- 
fied limbs (Arthropoda), which in the parasites are metamorphosed into 
structures for piercing and sucking ; or they may have shifted so as 
to lie eiftirely withmtEfc pharynx (Rotifera, errant Annelids) or in a 
muscular dilatation of the posterior end of this organ. At this place 
there is usually developed a widened chamber, the stomach, which by 
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repeated mechanical action (masticatory stomach of Cray-fish) or by 
the secretion of digestive fluids (pepsin) furthers digestion; or it 
may, as in birds, subserve both these functions. From the stomach 
the food passes into the mid-gut. Dilatations and out-growths of the 
buccal cavity give rise to cheek and 

throat pouches, of the oeosphagus to Oe O 

the crop, of the stomach to blind sacs 

which serve as reservoirs for the food /j B u 

(stomach of Ruminants) (figs. 47 & 48). J) B 

In the middle \ B ^ ^ 

section of the ^ 1 I 

alimentary ca- 0*14 \m 

R nal, or intestine, ^ ^ <5 | Bt 

the digestive I B f 

processes, al- 'B' 

ready com- v 

menced in the 

mouth by the M( J ™ ^ 4 i>\ 

action of the f ig 47 —Alimentary canal and ac- 
salivary secre- cessory glands of a caterpillar. 

. O, month ; Oe, oesophagus ; Sp D, 

tion and con- salivary glands; Se, spinning 

S tinned in the # lands ; MD > intestine (mid-gut) ; 

A /), rectum (hind gut) ; MG, Mal- 

stomach by the pighian tubes, 
action of the 

pepsin of the gastric juice (upon albumins 
in an acid solution), is completed. The food 
constituents which have been so far unacted 
upon (chyme) are in the intestine submitted 
to the action of the secretions of the liver, 
pancreas, and intestinal glands, and by them 
converted into the chyle, which is absorbed 
by the intestinal walls ; the albumins being 
* a converted, as in the stomach, into soluble 

fig. 48 . — Alimentary canal of modifications by the action of trypsin 
( actin g- however, only in alkaline solutions). 
or, oesophagus; s , sucking The intestine often attains a great length, 
tubules^ ^(Z^ectum lPlghian aT3( ^ becomes divided into regions possessing 
a different structure ; e.g., in the intestine of 


cessory glands of a caterpillar. 
O, mouth ; Oe, oesophagus ; Sp D, 
salivary glands ; Se, spinning 
glands ; MB, intestine (mid-gut) ; 
A B, rectum (hind gut) ; MG, Mal- 
pighian tubes. 


mammals three regions can be distinguished — duodenum, jejunum, 
and ileum. Its surface is, as a rule, increased by the develop- 
ment of folds and villi, and sometimes of outgrowths. Amongst 
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the Invertebrata it is often possible to distinguish an anterior 
especially widened portion of the intestine, which receives the hepatic 
secretion and is called stomach from the posterior, narrower, and 
longer section, which is known as intestine. 



Pig. 49. — Alimentary canal of a bird O, 
oesophagus ; A”, crop ; Pm, proventnculus ; 
Km, gizzard, P, amall intestine; P, pan- 
creas placed in the loop of the duodenum ; 
If, liver, C, the two caeca; U, ureter, On, 
oviduct. Ad, largo intestine; Kl, cloaca. 


The hindermost section of the 
alimentary canal or hind gut, 
which is not always sharply 
marked off from the intestine, 
is especially concerned with the 
collection and repulsion of the 
undigested remains of the food, 
or faeces. It may also possess 
ciecal appendages attached to its 
anterior part, and possessing a 
digestive function. In the lower 
animals it is a small structure, 
but in the higher animals it at- 
tains a much more considerable 
length, and receives anteriorly 
one (Mammalia) or two (Birds) 
caeca, and it may be sub-divided 
into two parts, known as large 
intestine and i*ectum ; in the 
Vertebrata its hind end receives 
the ducts of various glands (kid- 
ney, generative organs ft ual 
glands). It may in addition dis- 
charge other functions, e.g., a 
respiratory (larva? of Libellulidap) 
or a secretory function (larva of 
Ant Lion). 

The salivary glands, liver, and 
pancreas are to be regarded as 
outgrowths of the alimentary 
canal which have become diffe- 


i*entiated into glands. 

The secretion of the salivary glands is poured into the buccal 
cavity, and there performs two functions — (1) it dilutes the food, 
(2) it has a chemical action upon it, converting the starch into 
sugar : they are absent in many aquatic animals and are especially 
developed in herbivorous animals. 
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The liver, distinguished in the higher grades of development by 
its great size, is an appendage of the first part of the small intestine 
(duodenum). The first trace of it is met with in the lower animals 
in the form of a characteristically coloured part of the cellular 
covering of the gastric cavity or intestinal wall (Coelenterata, 
worms). In the higher animals it has at first the form of a small 
blind sac (small Crustacea) ; this, by a process of branching, is con- 
\erted into a complicated struc- 
ture composed of ducts and folli- 
cles, which may become connected 
together in very different ways 
so as to give rise to an apparently 
compact organ. Nevertheless, it 
must be remembered that, in the 
different groups of animals, 
glands, which differ both mor- 
phologically and physiologically, 
aie included under this term, 

“ liver.” While in the Verte- 
brata the liver, as a bile-pro- 
ducing organ, possesses no known 
relation to digestion, in the In 
vertebrata the secretions of many 
glands, which are generally called 
“ liver,” but which would be 
more appropriately termed hepato- 
jxincreas , exercise a cligesti\e 



action upon starch and albumen, 
and at the same time contain 
bye-products and colouring mat- 
ters similar to those found in the 
bile of Vertebrates (Crustacea, 
Mollusca). 

The Organs of Circulation. r 


Fxg 50 —Aliment aiy canal of Man Oe , 
oesophagus , -3Z, stomach , Z, spleen , H, 
liver , Ob, gall bladder , P, pancreas , 
Bn, duodenum receiving the bile and pan 
creatic ducts, JI, ileum , Co, colon, Coe, 
c cecum with vermiform process, Pr, P, 
Tectum 

be nutrient material or chyle re- 


sulting from digestion is distributed by a system of spaces to all 
parts of the body. Excluding the Protozoa, in which the distribution 
of nutrient material is effected in the same manner as in the cell or 


tissue unit, the simplest form of vascular system in animals with 
cellular tissues, t.e., in the Metazoa, is found in the Coelenterata. 
In these animals the digestive cavity itself extends to the extreme 
periphery of the body, and serves to distribute the nutritive fluids 
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(gastro-vascular system of Polyps, so-called vessels of Medusae and 
Ctenophora). The so-called stomach of the Anthozoa is simply an 
invagination of the body wall into the central cavity of the animal, 
and functions only as oesophagus. 

When a distinct alimentary canal is present, the chyle is absorbed 
by the walls of the gut, and passed through them into the coelom or 
space developed between the gut and body walls (into the general 



Fig. 51.— Daphma with simple heart, 0, the sliMike opening on one side is soen ; D t 
alimentary canal; I, liver; A, anus; G, bram; O , oye; Sd, shell gland; Br, brood 
poach placed dorsally beneath the carapace. 


tissue of the body in the acoelomate parenchymatous worms), and 
there gives rise to a fluid, the blood, in which (with some few 
exceptions) corpuscles (cellular structures produced in the organism) 
are found. In this space, or in a system of lacunae derived from it, 
the blood circulates. Primitively its movements are quite irregular, 
taking place with each movement of the body (as in many worms), 
and are effected chiefly iby the contractions of the somatic muscles 
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I'Ascaria), but also by the movements of other organs, e.g., the 
alimentary canal (Cyclops). At a higher stage of development a 
rudiment of the central organ of the circulation appears, in that a 
ecial section of the blood path acquires a muscular investment, 
and as a pulsating heart, comparable to a force and suction-pump, 



Pig 52 — Male of Branchipus ^tagnalis with many- 
chambeied heart or dorsal vessel -Rg, the lateral 
openings in which are repeated m every seg- 
ment 2), intestine , M, mandible , Sd, shell 
gland , Br t branchial appendage of the 11th pair 
of legs , T, testis 



Fig 53 —Heart of a Copepod 
(Calanella) with an ante 
nor artery, A Ot, ostia, 
V, valves at the arterial 
ostium , M, muscle. 


maintains a continuous circulation of the blood. The heart is either 
sac-shaped, with two lateral or one anterior slit-like opening (Daphnia, 
Calanus) (fig. 51), or elongated and divided into successive chambers 
and perforated by many pairs of slit-like openings (Insects, Apus) 
(fig. 52). As a rule, each chamber possesses a pair of laterally placed^ 
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ostia* provided with lip-like valves, which act so as to allow the blood 
only to enter the organ. 

From the heart, as central organ of the circulation, well detmed 
canals, the blood vessels, are then developed, which in the Invertebrata 
may alternate with lacunae not provided with walls. In the simplest 
cases it is only the tracts along which the blood travels from the 
heart which are provided with independent walls, and developed into 
blood vessels (marine Oopepoda, Calanella, fig. 53). At a higher 
stage of development not only do these efferent vessels acquire a 
more complicated structure, but a part of the lacuna-system, especially 
in the neighbourhood of the heart, acquires a membranous invest- 
ment, and gives rise to vessels which carry the blood Iwick to the 



Fig. 64.— Heart and Wood \c**eh and grills of the erm fish C, heart m n Mood aimia , w ith 
Pi bPveral pairs of ostia, At, cephalic aorta, tub, abdominal aorta, A», sternal 
artery. 


pericardial sinus, from which it passes through the venous ostia into 
the heart (Scorpions, Decapods) (fig. 54). 

In other cases (Molluscs) the blood flows directly from the afferent 
vessels into the heart, the walls of the vessel being directly continuous 
with the walls of the heart. The heart in such case-* consists of two 
chambers, the one known as auricle serves for the reception of the 
returning blood, the other known as ventricle for its propulsion 
(fig. 55). 

The vessels passing from the ventricle and carrying the blood from 
the heart are called arteries ; those returning the blood to it are 
called veins and, in the higher animals, are distinguished from the 
arteries by their thinner walls. Between the ends of the arterien 
and the beginning of the veins the body cavity intervenes either as 
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a blood sinus or as a system of blood-lacunse ; or the arteries and 
veins are connected by a network of delicate vessels, the capillaries. 
If the connection between arteries and veins is effected by capillaries 
in all parts of the vascular system, and the body cavity, as in the 
Vertebrata, no longer functions as a blood sinus, the vascular system 
is spoken of as being completely closed. 

In the Vertebrates and segmented worms the vascular system ob- 
tains a considerable development before a true heart is differentiated 
in it. At first rhythmically pulsating sections, very frequently the 



Fia 65 — Nervous western nnd circulatoiy organs of Paludma vnipara (after Lev dig) F 
tentacle, Ot, oesophagus, Cg, ceiebral gaxtglion with e>o, Pq, pedal gmglion with 
adjacent otocyst , 1 g, visceral ganglion , Phq, pharyngeal ganglion , A, auricle of 
heart, ? c, ventricle , Art, abdominal aorta, At, cephalic aoita, I, vein, lc, affeient 
vossei Br, gill. 

dorsal vessel, or the lateral vessels connecting this with the ventral 
vessel (fig. 56), serve for the propulsion of the blood. 

Similarly amongst the Vertebrata, the iancelet (Amphioxus) 
possesses no distinctly differentiated muscular heirt, the function of 
that organ being discharged by various parts of the vascular system 
which are contractile. The arrangement of the vessels supplying 
the pharyngeal section of the alimentary tract, which has a respiratory 
function and is known as the branchial sac, admits of a comparison 
with the vascular arrangement of the segmented worms, and repie- 
sents the simplest form of the vertebrate vascular system. The 
longitudinal vessel which runs in the ventral wall of the branchial 
sac gives off numerous lateral branches, which ascend in the branchial 
walls. These lateral vessels are contractile at their point of origin 
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from the ventral vessel. The anterior pair, placed behind the mouth, 
unite beneath the notochord to form the root of the median body 
artery (descending or dorsal aorta) which receives the hinder succes- 
sive pairs of lateral vessels. This dorsal artery gives off branches to 
the muscles of the body wall and the viscera, from which the venous 
blood in part is returned to the ventral pharyn- 
geal vessel; part of it, however, before reaching 
the latter, traverses a capillary network in the 
liver. 

From the hinder part of the ventral pha- 
ryngeal vessel there is developed, in the higher 
Vertebrata, the heart, which at first has the 
shape of an S-shaped tube, but later acquires 
a conical form and becomes divided into auricle 
and ventricle. The former receives the blood 
returning from the bod}' and passes it on into 
the more powerful ventricle, from which arises 
an anterior vessel, the ascending or cardiac 
aorta, presenting a swelling at its root, known 
as the aortic bulb. This vessel leads, by means 
of lateral vascular arches, the arterial arches, 
into the dorsal aorta, which passes backwards 
beneath the vertebral column, and supplies the 
body. Valves phtced at the two ostia of the 
ventricles regulate the direction of the blood 
stream ; and they are so arranged as to prevent 
any 1 nek ward flow of blood from the cardiac 
aorta into the ventricle in diastole, and from 
the ventricle into the auricle in systole. 

In consequence of the insertion of the respi- 
ratory organs on to the system of the arterial 
arches, the latter, and at the same time the 
structure of the heart, assumes various degrees 
of complication. In fishes (fig. 57), four or five 
pitirs of gills are inserted in the course of the 
arterial arches, which break up into a respiratory capillary net- 
work in the branchial leaflets. From this network the arterialised 
blood is collected into efferent branchial arches, the branchial veins, 
corresponding each to a branchial artery ; and these unite to form 
the dorsal aorta. In such cases the heart remains simple, and 
receives venous blood. 


Fig. 50 —Anterior part 
of the vascular system 
of an Oligochwte worm 
(Ssennns) (after Go- 
genbaur). In the dor- 
sal vessel the blood 
moves from behind 
forward; m the ven- 
tral vessel from before 
backwards (#*ee ar- 
rows). //, heart-like 
dilated transverse 
lateral vessels. 



PULMONARY CIRCULATION. 


65 


With the appearance of lungs as respiratory organs (Dipnoi, 
Perennibranchiate Amphibia, larvae of Salamanders and Batra- 
chians) (fig. 58), the heart obtains a more complicated structure 



Fxg 57 — Diagram of the circulatory 
organs of an osseous fish V, 
ventricle , Ba aortic bulb with the 
arterial arches which earrj the 
venous blood to the gills , Ao, 
dorsal aorta into which open the 
vessels from the gills or bianchial 
veins Ab N, kidney , JD, alimen- 
tary canal , Li, portal circulation 


in that the auricle becomes divided 
into a right and left division, the 
latter of which receives the aite- 
rialised blood, returning from the 
lungs by the pulmonary veins. 
The septum between the two 
divisions of the auricle may, how- 
ever, lemain incomplete (Dipnoi, 
Proteus). The advehent pulmon- 
aiy vessels, the pulmonaiy arte- 
ues, always pioceed fiom the 



Fig 58 — Gills (Br) and pulmonary sacs (P) 
of a perennibranchiate amphibian Ap, 
pulmonary aitery proceeding from the 
posterior of the four aortic arches The 
other three lead to the three pairs of gills , 
D, alimentary tract , A, aorta 


posterior vascular arch, which, as a rule, loses its relation to the 
branchial respiration. 

On the disappearance of the gills, which is completed during the 
metamorphosis in the Salamandrina and Batrachia, the pulmonary 

5 
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arteries obtain a much more considerable size and become the direct 

continuation of the hindermost pair of vascular arches, while the 

remaining and primitively most important portions of the latter, i.e. 
the portions leading to the dorsal aorta, are reduced to rudimentary 
ducts (Ductus Botalli) or completely obliterated. Contemporaneously 
with these changes there appears a fold in the lumen of the ventral 
or cardiac aorta, leading to a separation of the posterior vascular 

arch (pulmonary artery), 
which now receives 
through the ventricle 
venous blood from the 

right auricle, from the 

system of anterior arches 
which give origin to the 
cephalic vessels and dor- 
sal aorta and receive 
arterial blood from the 
left auricle (mixed, how- 
ever, with venous bl<x)d 
in the ventricle) (tig. 
59 ). 

In Iteptiles the sepa- 
ration of the arterial 
from the venous blood 
is more complete, in that 
there is an incomplete 
ventricular septum 
which foreshadows the 



Fig. 60 .— Circulatory organs of tbc fro#. P, left luncr, 
right lung ib removed ; Ap, pulmonary artery ; Vp, 
pulmonary vein ; FV, verm cava inferior ; Ao, domil 
aorta; A, kidney; D, alimentary canal; LK , portal 
circulation. 


later division of the 
ventricle into a right 
and a left half. Fit>m 
the left division arises 


the right aortic arch, 
which gives origin in its further course, to the arteries to the head 
(carotid arteries). A vessel to the lungs and a left aortic arch 
may also be distinguished. The left aortic arch and pulmonary 
artery receive only venous blood, while the right aortic arch, and 
therefore the carotids which proceed from it, receive principally 
arterial blood from the left side of the ventricle (fig. GO). 

The ventricular septum, and consequently the separation of the 
right from the left ventricle, is found complete for the first time 
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in the Crocodilia, and in these animals the right aortic arch arises 
from the left ventricle. But the separation of the arterial and 
venous blood is even now not quite complete, for at the point where 
the two aortic arches cross one another there is a passage (foramen 
Panizzfe) leading from one into the other, and through which a 
communication may take place. 

It is only in Birds and Mammals, in which, as in the Crocodilia, 
the right and left ventricle aie completely separated, th.it a sepaiation 


between the two kinds of 
blood is completely effected 
(fig. 61). In Birds the right 
aortic arch persists, and the 
left entirely disappears ; while 
in Mammalia the opposite 
obtains, the left arch per- 
sisting and giving rise to the 
dorsal aorta. In these animals 
the blood is essentially diffe- 
lent from the chyle both in 
colour and composition, and 
there is present a special 
system of chyle and lymph 
vessels. This system origi- 
nates in simple tissue spaces, 
which are without walls, and 
its main trunks open into the 
vascular system. The con- 
tents are derived from the 
nutrient material absorbed 



from the intestine (chyle), 
and from the fluids which 
have transuded into the 


Fn 60 — lleait and pic it 'v ousels of a Choloman 
Ad, npht amuU As left nuncio, At> d npht 
aortic aich, 1 os U ft noitic arch , Ao^ aoita , 
C, caioticls , Ap pulmonary .uteries 


tissues from the capillaries (lymph), and they serve to renovate 


the blood. In the actual course of the lymph and chyle, ?.e., in the 


lymphatic vessels themselves, are placed peculiar glandular organs, 


known as lymphatic glands (blood glands), in winch the lymph receives 
its form elements (lymph corpuscles = white blood corpuscles). 

Organs of Respiration. The blood needs for the retention of its 
properties not only this continued renovation by the addition of 
nutrient fluids, but also the constant introduction of oxygen, with 
the reception of which is clo c ely connected the excretion of carbonic 
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acid (and water). The exchange of these two gases between the 
blood and the external medium is the essential part of the respiratory 
process, and is effected through organs which are suited for carrying 



Fig. 61.— Diagram of the circulation in an 
animal with a completely separated right 
and left ventricle, and a double circulation 
(after Huxley) Ad, nght auricle receiv- 
ing the superior and inferior vence cavee, 
Vc», and Vet; Dth, thoracic duct, the 
main trunk of the lymphatic system ; Ad, 
nght auncle ; Vd, nght ventricle ; Ap, 
pulmonary artery ; P, lung ; Vp, pulmon- 
ary vein ; A*, left auricle ; Vh, left ven- 
tricle ; Ao, aorta ; D , intestine ; L, liver j 
Vp 1 , portal vein ; Lv, hepatic vein. 


on this process either m air or 
in water. In the simplest cases 
the exchange of these two gases 
takes place through the general 
surface of the body ; and in all 
cases, even when special respira- 
tory organs are present, the outer 
skin also takes part in respiration. 



Fig. 62 —Diagram of the great 
arteries of a mammal with 
reference to the five embry- 
onic arterial arches (after 
Rathke) . c, common carotids ; 
c‘, external carotid ; c", inter- 
nal carotid; A , aorta. Ap, 
pulmonary artery ; Aa, aortic 
arch. 

Inner surfaces also may be con- 
cerned in this exchange, especially 
those of the digestive cavity 
and intestine, or, as in the Echi- 
noderms, in which a separate 
vascular system is developed, the 
surface of the whole body cavity. 

Respiration in water obviously 
takes place under far more un- 


favourable conditions for the introduction of oxygen than does the 


direct respiration in air, because it is only the small quantity of 
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oxygen dissolved in water which is available. Hence this form of 
respiration is found in animals 
low in the scale of life in which 

the metabolic processes are less T U 

energetic (worms, molluscs, and 

Organs of aquatic respiration, Ct ^ 
or gills, have the form of external 
appendages possessing as large a 
surface extension as possible. 

They consist of simple or antler- ^ * 

shaped or dendritically branched 
processes (fig. 63 a , b), or of 


Fig 63a — Head and antenor body segments 
of a Eunice, viewed from the dorsal sur 
face T , tentacles Ct, tentacular cirrus 
C, parapodial cirrus Br , parapodial Rill 


lancet-shaped closely-packed leaves with a large 
surface extension (fig. 64). 





Fig 64 — Transverse 


Fig, 636 — Transverse section through the body of Eu- 
nice J Br, gill , C, cirrus , P , para podium with a 

bundle of set® , 1), alimentary canal , N, nervous 
system 


section through the 

fish °6, bramjhTaTiea^ The organs of aerial respiration, on thecontraiy, 

let with capillaries, c, are internal. They present likewise the condi- 
branchial artery con- .« , , „ i » , , 

taming venous blood , tion favourable for an exchange of gases between 

d, branchial vein con- the air and the blood, viz., a large extent of 

a, branchial bar. surface. They have the form either ot lungs or 

air-bearing tubes. In the first case (Spiders, 

Vertebrates) they consist of spacious sacs with aiveolar or spongy 
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walls, traversed by numerous septa and folds which bear an extiemely 
uch network of capillanes The air tube 6 oi trachea (fig 65) consti- 
tute a branched system of canals 
which extend throughout the 
whole body, and carry the an 
to all the oigans Thus instead 
ot the respi 



ntoiy pio 
cess being 
locilised, as 
it is m am- 
m ils with 
lungs, it is 
c lined on in 
all tissues 
and oigms 
ot the bod) , 
which aie 
sm round* d 
by a hnc 

tracheal netwoik Nevertheless, the an tubes 
in the case of the modification known as Jan 
trachea* piesent an approximation m then 
stiuctuies to lungs, m thit the mam stems, 
without further blanching, give use to flat 
hollow leaves 


\ 


l<ir 6 1 — Trachea with fine branches 
(aftei Leydig) Z tellulai, outci wall 
Sji spiral thre wl 



-Mh 


Si'- 


Opcmngs m the body wall are piesent, placing 
the organs of aerial respiration in communica 
tion with the exterior These openings may 
be numeious, and paned, placed symmetrically on the sides 


Fig OT/ — liacled 
tem of a Dipteious 
laiva Ti Longitudi 
nal stem ot the right 
hi le ith tufts of tra 
chore St , and St , 
anterior and poBtenoi 
stigmata Mh, oral 
hoohp 
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of the body (fig. 66 a, b) ( stigmata of Insects, Spiders), or they 
may be more restricted in number, and communicate also with 
cavities of complicated structure which are used for other functions 
(nasal cavities of Vertebrates). In the aquatic larvae of certain 



m 07a Larva of an Ephemeral fly -with Beven pairs of tiacheal gills 
f, slightly magnified , Tk, isolated trachoal gill strongly magnified. 



Fig 676 —Tracheal sys- 
tem at the sides of the 
alimentary canal of 
an A gr ion larva (aftoi 
L Dufour). Tst t mam 
tracheal trunk , Lt, 
tracheal gills , Na t the 
three simple eyes. 


Insects (Ephemeridse, Libellulictae) the tracheae may be without any 
external openings. In such cabes processes of the body filled with 
a close network of tracheae, which take up oxygen from the water, 
and are known as tracheal gills, are developed (fig. 67 a , b). In rare 
instances tracheal gills aie developed on the wall of the rectum, and 
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thus acquire a protected position (rectal respiration of Aeschna, 
Libellula). 

In other respects the branchial and pulmonary respiratory pro- 
cesses are essentially the same. In the pulmonate snails (Lymnaeus), 
the pulmonary cavity may be filled with water, and yet continue to 
function as a respiratory organ (in the young state and also under 
special conditions in the adult, the animal remaining permanently 
in deep water). With this fact before us of an air-breathing surface 
functioning as a gill, it will not surprise us to find that gills and 
branching folds of skin, which under normal circumstances serve for 
breathing in water, can, provided they be protected from shrivelling 
up and desiccation either by their position in a damp space or by 
their copious blood supply, function as lungs, and allow their pos- 
sessors to live and breathe on land (Crabs, Birgus latro, labyrintho- 
branchiate Fishes). 

A rapid renewal of the medium which carries the oxygen and 
surrounds the respiratory surfaces is of the greatest importance 
for the gaseous exchanges. We find, therefore, very often special 
arrangements, by which the removal of that part of the respiratory 
medium which has been deprived of oxygen and saturated 
with carbonic acid and the introduction of another portion con- 
taining oxygen and free of carbonic acid, is effected. In the 
simplest cases this renewal can, although not very efficiently, be 
brought about by the movements of the body, or by a continuous 
oscillation of the respiratory surfaces themselves ; a method which is 
especially common when the gills are placed in the region of the 
mouth and function also as organs of food prehension, e.g., the 
tentacles of many attached animals (Polyzoa, Brachiopoda, tubi- 
colous Worms, etc.) Very frequently the gills appear as appendages 
of the organs of locomotion, e.g., of the swimming or ambulatory 
feet (Crustacea, Annelids), the movement of which brings about 
a renewal of the respiratory medium around the gills. The move- 
ments become more complicated when the gills are enclosed in special 
chambers (Decapoda, Pisces), or when the respiratory organs are 
placed within the body, as happens in the case of tracheae and 
lungs, in which case also a renewal of the air is effected either by a 
more or less regular movement of neighbouring parts, or by rhyth- 
mical contractions and dilatations of the air-chamber, constituting 
the so-called respiratory movements. The term respiration is now 
not only applied to these movements so obvious to the eye in air- 
breathing animals, but also to the osmotic processes, secondarily 
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dependent upon the entrance and exit of air, which effect the 
gaseous exchanges. Taken strictly in this sense it is an incorrect 
term, inasmuch as in the respiratory movements of animals pro- 
vided with branchial cavities we have to do with the entrance and 
exit of water. 

In the higher animals provided with red blood, the difference in 
the condition of the blood before and after its passage through the 
respiratory organs is so striking that it is possible to distinguish 
blood rich in oxygen from blood rich in carbonic acid, by the colour. 
The latter is dark red, and is known as venous blood ; the former, 
i.e ., blood which has just left the gills or lungs, on the contrary, 
has a bright red colour, and is known as arterial blood. 

While the terms venous and arterial are used in an anatomical 
sense to express the nature of the blood-vessel, — those carrying the 
blood to the heart being called venous, and those carrying it from 
the heart arterial, — they are also used in a physiological sense as an 
expression for the two conditions of the blood before and after its 
passage through the respiratory organs, i.e., to express* the quality of 
the blood. Since, however, the respiratory organs may be inserted in 
the course of either the venous or arterial vessels , it is obvious that, 
in the first case, there must be venous vessels carrying arterial blood, 
(Molluscs and some Vertebrates), and, in the latter, arterial vessels 
carrying venous blood (Vertebrates). 

Animal heat. The intensity of respiration stands in direct relation 
to the energy of the metabolism. Animals which breathe by gills 
and absorb but little oxygen are not in a position to oxidise a large 
quantity of organic constituents, and can only transform a small 
quantity of potential into actual energy. They perform, therefore, 
not only a proportionately smaller amount of muscular and nervous 
work, but also produce in only a small degree the peculiar molecular 
movements known as heat. The source of this heat is to be sought, 
not, as was formerly erroneously supposed, in the respiratory organs, 
but in the active tissues. Animals in which thermogenic activities are 
small have no power of keeping independently their own internal 
heat when exposed to the temperature influences of the surrounding 
medium. This is also true of those air-breathing animals in which 
the metabolic and thermogenic activities are great, but which, in 
consequence of their small size, offer a relatively very large surface 
for the loss of heat by radiation (Insects). On account of the ex- 
changes of heat which are continually taking place between the 
animal body and the surrounding medium, the temperature of the 
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former must in such animals be largely dependent on that of the 
latter, falling and rising with it. Hence, most of the lower animals 
are poikilothermic ,* *• or, as they have less appropriately been called, 
cold-blooded . 

The higher animals, on the contrary, in which, on account of their 
highly developed respiratory organs and energetic metabolism, the 
thermogenic activity is great, and which are protected from a rapid 
loss of heat by radiation by the size of their bodies and by the 
possession of a covering of hairs or feathers, possess the power of 
maintaining a constant temperature, which is independent of the 
rising and falling of the temperature of the surrounding medium. 
Such animals are designated homothermic , or warm-blooded. Since 
they require a high internal temperature, varying only within small 
limits, as a necessary condition for the normal course of the vital 
processes, or one may say for the maintenance of life itself, they 
must possess within themselves a series of regulators whose function 
is to keep the body temperature within its proper limits, when the 
temperature of the surrounding medium is high. This may be 
effected either by diminishing the production of internal heat 
(diminishing the metabolism) or by increasing the loss of heat from 
the surfaces of the body (by radiation, evaporation of secretions, 
cooling in water) ) and, on the contrary, when the temperature of the 
outer medium is too low, by increasing the production of internal 
heat (increasing the metabolic activity by more plentiful food supply, 
more vigorous movements), or by diminishing the loss of heat by 
the development of better protective coverings. 

When the conditions necessary for the action of these regulators 
are absent (want of food, small and unprotected bodies), we find either 
the phenomenon of winter sleep, in which life is preserved with 
a temporary lowering of the metabolic processes ; or, when the 
metabolic processes of the organism do not enter into abeyance, the 
remarkable phenomena of migration (migration of birds). 

Organs of Secretion. The respiratory organs stand to a certain 
extent intermediate between the organs of nutrition and those of 
excretion, in that they take in oxygen and excrete carbonic acid. 
In addition to this gas a number of excrementitious substances, 
mostly in a fluid form, which have entered the blood from the 
tissues, pass out by the lungs. The function, however, of excretion 

* Col. Bergmann, “Ueberdie Verhaltnissc der Wiirmeokonomie der 1 liiere 
zu ihrer Grosso,” Gottinger Studien, 1847 ; also Bergmann und Leuckart, 

*• Anatomisch-physiologische Uebersicht des Tbierreiehs,” Stuttgart, 1852. 
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is mainly discharged by the special secretory organs. These have 
the form of glands of a simple or complex structure which originate 
from invaginations of the outer skin or of the intestinal wall, and 
consist essentially of simple or branched tubes, or of racemose and 
lobulated glands. 

Among the various substances which by the aid of the epithelial 
lining of the walls of glands are removed from the blood and some- 
times utilised further for the performance of various functions, the 
nitrogenous excretory substances are especially important. The 
organs by which the excretion of these ultimate products of meta- 
bolism are effected are the kidneys. In 
the Protozoa they are represented by 
the contractile vacuoles ; in the Worms 
they appear as the so-called water- 
vascular vessels , and are constituted of 
a system of branched canals which 
take their origin in delicate internal 
ciliated funnels, which open into the 
spaces in the parenchymatous tissues 
or the body cavity. In the latter case 
the ciliated funnels have a wide opening. 

In the Platyelminthes (flat worms) the 
efferent ducts of the system consist of 
two main lateral trunks (fig. G8, Ex.), 
which frequently open together at the 
hind end of the body by means of a 
medium terminal contractile vesicle 
(fig. 68, ep). 

In the segmented worms the paired 
kidneys are repeated in every segment, 
and are known as segmental organs 
(figs. 69 and 70). The shell-glands of 
Crustacea are in all probability to be traced back to these segmental 
organs : as are also the paired kidney (organ of Bojanus) of mussels, 
and the unpaired renal sac of Snails, both of which communicate by 
means of an internal opening with the pericardial division of the 
body cavity. 

In the air-breathing Arthropods and some Crustacea (Orchestia) 
the urinary organs are tubular appendages (Malpighian vessels) of 
the hind gut. In the Vertebrata the urinary organs or kidneys 
obtain a greater independence, and open to the exterior by special 



Fig. GR —Young Distomum (aftor 
La Valctte). Ex , main. stems of 
the excretory byBtem ; Ep, cx- 
crotory pore ; O , month with 
sucker; S, sucker in the middle 
of the ventral surface ; P, pha- 
rynx ; E, alimentary canal. 
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‘openings which are 



Fig. 69. — Longitudinal 
section through the 
medicinal Leech (after 
R. Leuckart). D, ali- 
mentary canal ; G, 
brain ; Gk, ventral 
chain cf ganglia ; Ex, 
excretory canals (seg- 
mental organs, water- 
vascular system). 


usually common to the generative organs ; they 
consist essentially of a number of coiled tubes, 
which in the more primitive types of Vertebrates 
have a ciliated funnel-shaped opening into the 
body cavity (Dogfish embryo, fig. 71). 

The individual tubules of which the verte- 



Fig. 70. — Diagrammatic representation of 
the segmental organs of a segmented 
worm (after C. Semper). D*, dissepi- 
ment ; Wtr, ciliated funnels which lead 
into the coiled tubes, 


brate kidney is composed do not open directly to 
the exterior, as do the segmental organs of 
Annelids, but there is present on each side of 
the body a duct, the kidney duct, which receives 
the tubules of its own side and opens posteriorly 
into the cloaca. They also possess an important 
structure peculiar to the kidney of the Vertebrata 
known as the “ Malpighian body,” which consists 
of ^ a capsular widening of the lumen of each 
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tubule, into which projects a coil of arterial blood vessels known as 
the gbmerulw (fig. 72). 



Very generally the outer body 
surface is the seat of special secre- 
tions which frequently play an impor- 
tant part in the economy of the 
animal, and are used especially as a 
means of protection and defence. The 
same is true also of the secretions of 
the accessory glands opening into the 
anterior or posterior end of the ali- 
mentary canal (salivary glands, poison 
glands, anal glands) (fig. 73). 

To the class of cutaneous glands 
belong, in the first place, the sweat- 
glands and the sebaceous glands of 
Mammalia. The fluid secretion of the 
former, on account of the ease with 
which it is evaporated, is of special use 
in keeping the body cool, while that 
of the latter keeps the integument and 


Fig. 71.— Diagrammatic represen- 
tation of the kidney (segmental 
organs) of a dog-fish embryo (after 
C. Semper). Wtr, ciliated funnels ; 

Ug, kidney duct. 

its special coveringsoft and supple. 
The coccygeal glands of water- 
birds are derived from an aggre- 
gation of sebaceous glands ; their 
secretion by keeping the feathers 
oiled preserves them from becom- 
ing saturated with water during 
swimming. 

The unicellular and multicell- 
ular integumentary glands, which 
are found so widely present in 



Fig. 72 — Ciliated funnel and Malpighian 
body from the anterior part of the kidney 
of Proteus (after Spengel). Nr, kidney 
tubule; Tr , ciliated funnel; Mk, Malpig- 
hian body. 


Insects, belong, for the most part, to the category of oil and fat 
glands. Aggregations of cells whose function is to secrete calcareous 
matters and pigment are especially widely present in the integu- 
ment of the Mollusca, and serve for the building up of the beautifully 
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coloured and variously shaped shells of these animals. Integumen- 
tary glands and aggregations of glands may also acquire a relation 

to the acquisition of food (spinning glands 
of Spiders). Finally, mucous glands are 
very widely present in the skin of animals 
which live in damp localities (Amphibia, 
Snails) and in water (Fishes, Annelids, 
Medusa 1 ). 

ORGANS OF ANIMAL LIFE. 

Of the so-called animal functions, that 
of locomotion is the most conspicuous. 
Animals perform movements for the 
purpose of procuring food and escaping 
from their enemies. The muscles used 
for locomotion are, as a rule, and especially 
in the simpler forms, intimately united 
with the skin, and give rise to a muscular 
body wall (Worms), the alternate shorten- 
ing and elongation of which brings about 
a movement of the body. The muscles 
may also be especially concentrated in 
parts of the body wall, e.g ., in the subum- 
brellar surface of Medusa* beneath the 
supporting gelatinous tissue, or in the 
ventral surface of the body giving rise 
to a foot-like organ (Molluscs), or they may be broken up into 
a series of successive and similar segments (Annelids, Arthropods, 
Vertebrates). The latter arrangement prepares the way for the 
rapid and more complete form of movement found in animals in 
which the hard parts also, whether exoskeletal (Arthropods) or 
endoskeletal (Vertebrata), have become divided into a series of 
longitudinally arranged segments or rings, which offer a firm attach- 
ment to and are moved by the segments of the muscular system. 
By this arrangement more powerful muscular actions are rendered 
possible. 

Thus it becomes indispensable that hard parts should be developed 
to act as a skeletal support for the soft parts, and also to protect them. 
The skeletal structures may be external, in which case they have the 
form either of external shells, tubes or successive rings, and are 



Fig 73. — Alimentary canal with 
its accessory glands of a beetle 
(t’arabus) (after Leon Dufoui). 
Of, (esophagus ; Ju, crop ; Pc, 
proventri cuius ; Ckd, cbylific 
ventricle ; Mg, Malpighian tu- 
bules; M, rectum, Ad, anal 
glands with bladder. 
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usually products of the external skin ( chitin ), or they may be 
internal ( cartilage , bone) and give rise to vertebrm (fig. 74 a, b). In 
either case the body becomes divided at right angles to its long axis 
into a series of segments, which, in the simpler cases of locomotion, 
are homonomous (Annelids, Myriapods, Snakes). As development 
progresses some of the muscles required for locomotion gradually lose 
their relation to the long axis of the body, and acquire a relation to 
secondary axes; and in this way conditions are acquired for the 
accomplishment of more difficult and complete forms of locomotion. 
The hard parts in the long axis of the body then lose their primitive 

Ck 


Fio. 74 a — Diagram of the vertebral 
column of h Tuleostcan fish with verte- 
bral constriction of the notochord. 

Ch, notochord ; Wh, bony vertebral 
bodies ; J, membranous intervertebral 
section. 

uniform segmentation and partially fuse with one another to form 
several successive regions, the parts of which are capable of a greater 
or less amount of movement upon one another (head, neck, thorax, 
lumbar region, etc.) In this case, however, the parts of the skeleton 
of the chief axis are usually less movable upon one another, while, on 
the contrary, a much more perfect locomotion is effected by the 
extensive movements of the paired extremities or limbs. The limbs 
likewise possess a solid skeleton, to which the muscles are attached, 
and which is usually elongated and may be external or internal, 
and is attached more or less closely to the axial skeleton. 

The most essential property of animals is that of sensation . This 




Fra. 74 A— Vertebra of a fish. K, ver- 
tebral body. Ob, neural arch (neurn- 
pophysis) ; Ub, formal arcli (hsemapo- 
phyais) ; D neural spine ; D', formal 
spine ; 22, rib. 
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property, like that of movement, resides in definite tissues and organs 
which constitute the nervous system . For those cases in which a 
nervous system has not separated from the common contractile basis 
(sarcode) or from the uniform cell parenchyma of the body, we may 
suppose that the organism possesses the first beginnings of an 
irritability serving for perception. This, however, can scarcely be 
called sensation, for sensation pre-supposes the presence of conscious- 
ness of the unity of the body, and this we can scarcely attribute to 
the simplest animals without a nervous system. 

The appearance of muscles is coincident with that of the nervous 
tissues, which are developed in connection with the sense epithe- 
lium of the surface (Polyps, Medusae, Echinoderms). In such cases 

the nerve fibres and ganglion cells 
which all lie mingled together keep 
their ectodermal position and their 
connection with the sense epithe- 
lium. The view that the first diffe- 
rentiation of the nervous and mus- 
cular tissues is to be sought in the 
so-called neuromuscular cells of the 
fresh-water polyps and Medusae has 
been shown by later researches to 
be untenable. 

The arrangements of the nervous 

Fro. 75. — Diagram of the nervous sy s . system can be traced track to three 
tem of a Btar-fish. n , nerve rmg distinct types — (1) the radial ar- 

buiacrai centres. rangement found in the radiate 

animals; (2) the bilateral arrange- 
ment found in segmented Worms, Arthropods, and Molluscs; (3) 
the bilateral arrangement of the Vertebrata. In the first case the 
central organs are radially repeated ; in the Echinoderms as the so- 
called ambulacral brains or nerves, which are found in the arms and 
are connected together by a circumoral nervous commissure contain- 
ing ganglion cells (fig. 75). 

In the second type the nervous system, in the simplest cases, 
consists of an unpaired or paired ganglionic mass placed in the 
anterior part of the body above the pharynx, and known as the 
supra-cesophageal ganglion or brain. From this centre radiate in 
the simplest cases (Turbellaria) nerves which have a bilaterally sym- 
metrical distribution, and of which two are larger than the others, 
and take a lateral course (fig. 76). 
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At a higher stage of development a circum-pharyngeal nerve ring 
is developed. With the commencing segmentation of the body the 
number of ganglia increases, and in addition to the brain there is 
present a ventral nervous system consisting either of vential cord 



Fig 76 — Alimentary canal and Fig 77 — Neivou* system of Fig 78— Nervous system 
nsrvous system of Mesosto- the larv a of Coccmella ot adult Coccmella (aftei 

mum Ehrenbergi (after Graff) (after Ed Bi andt) G, su- Ed Brandt) Ag, optic 

G, the paired cerebral ganglia pra oesophageal ganglion ganglion The other let* 

•with two eye spots , St one or bram , Gfr, frontal ters as in fig 77 

of the two mam lateral nerves ; ganglion , Sg, subceso- 

alimentary canalwith mouth phageal ganglion , 6?', 6r", 

and pharynx the eleven ganglia of the 

ventral chain of thorax 
and abdomen 

(Gephyrea) or of a ventral chain of ganglia, which may have a 
homonomous (Annelids) or heteronomous (Arthropods) arrangement 
(figs. 77 and 78). The concentration of the nervous system begun 

6 
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in the latter case ma y, by the fusion of the brain and ventral cord, 
be carried to a still further extent, so that in many cases (numerous 
Arthropods) only a sub-oesophageal ganglion is present. In Molluscs, 



Fig. 79. — Brain and spinal cord 
of a pigeon. II, cerebral 
hemispheres , Cb, Sptic lobes ; 
C, cerebellum; Mo, medulla 
oblongata. Sp, spinal nerves. 


animals in which segments are not de- 
veloped, the subcesophageal ganglion is 
represented by the pedal ganglion, and 
there is in addition a third pair of ganglia 
constituting the visceral ganglia (fig. 55). 
In Vertebrates, the nervous centres are 
arranged as a cord, lying on the dorsal 
side of the skeletal axis, and known as 
the spinal cord, the segmentation of which 
is indicated by the regular repetition of the 
spinal nerves. 

This cord, which is traversed by a 
central canal, is anteriorly widened and 
(except in Amphioxus) differentiated into 
a complicated ganglionic apparatus, the 
brain (fig. 79). 

The so-called sympathetic or visceral 
nervous system appears in the higher 
animals (Vertebrata, Arthropoda, Hiru- 
dinea, etc.) as a comparatively indepen- 
dent part of the nervous system. It 
consists of ganglia and plexuses of nerves 
which stand in connection with the 
central nervous system, but are not under 

the direct control of the will of the 

% 

animal. They innervate the organs of 
digestion, circulation, respiration, and 
generation, and they can carry on their 
functions for a longer or shorter time 
after destruction of the sensory and motor 
centres. In the Vertebrata (fig. 80), 
the system of visceral nerves consists of a 
double chain of ganglia, placed on each 
side of the vertebral column and con- 
nected with the spinal nerves and the 


spinal-like cranial nerves, by connecting branches, the rami 


communicant es. The ganglia correspond in number with the above- 


mentioned spinal and cranial nerves, and they send nerves to the 
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blood vessels and viscera, which there form a complicated network 


of nervous fibres 
containing here and 
there ganglion cells. 

' The nervous sys- 
tem possesses further 
peripheral apparatus, 
the sense organs , the 
function of which is 
to bring about the 
perception of certain 
conditions of the 
outer world as im- 
pressions of a definite 
mode of sensation 
(specific energy of 
nerves* Joh. Muller). 

These peripheral 
organs usually have 
the form of peculiarly 
arranged aggrega- 
tions of hair-shaped 
or rod-shaped nerve 
terminations (h air- 
cells, rod-cells of sen- 
sory epithelium) con- 
nected by fibrillin 
with ganglion cells, 
through wfech under 
the action of external 
influences a move- 
ment of the nervous 
substance is set up, 
which travels to the 
central organ and 
there affects con- 


in opposition 
differences in the 
ties of the sen 
produced by eacl 
vidual sense 
(colour, tone). 



Fig. 80.— -Nervous system of the frog (after Ecker) . 01 9 

olfactory nerves ; O, eye ; Op, optio nerve ; Vg, Gasserian 
ganglion ; Xg, ganglion of vagus ; Spn 1, first spinal nerve } 
Br, brachial nerve ; 5^1-10, the ten ganglia of the sym- 
pathetic system. Js, ischial nerve. 
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sciousness as a specific sensation. To these end-cells there are often 
added cuticular structures, whose function is to communicate the 
external movement to the nervous substance (retinal rods). 

The special sensations have quite gradually been developed from 
the general sensations (comfort, discomfort, pleasure, pain), i.e., 
nerves of Rpecial sense have been derived from sensory nerves which 
have acquired a special form of peripheral termination, and so 
become accessible to a special stimulus with which the special 
sensation is always associated. But it is not till a higher stage of 
development is reached that the sense-perceptions can be compared 
according to the nature of the sensations with those of our own body. 
We can estimate the sense energies of the lower animals exceedingly 

vaguely, and only by the 



Pro. 81 — Neivea with, ganglion tell* (6) beneath a 
tactile bustle ( Tb ) from the skin of Coretbra larva 


insufficient method of com- 
paring them with our own 
sensations; and it is certain 
that among the lower ani- 
mals there are many forms 
of sensation of which we, 
in consequence of the spe- 
cialised nature of our own 
senses, can have no concep- 
tion. 

Probably of all the 
senses, that of touch is the 
most widely distributed, 
and with this we certainly 
often see a number of 
special sensations united. 


It is generally distributed 
over the whole surface of the body ; frequently, however, it is con- 
centrated on processes and appendages of it. Probably the tentacular 
appendages of the Coelenterata and Echinodermata have this signifi- 
cance. In the Bilateralia with a differentiated head there are 
contractile or stiff segmented processes on the head, the antennas or 
feelers which in the worms are repeated as paired cirri on every 
segment of the body. It is often possible to trace special nerves 
to the skin and to find touch organs containing their endings. In 
the Arthropoda the ganglionic end-swelling of a tactile nerve usually 
lies beneath a cuticular appendage, such as a bristle, which transmits 
the mechanical pressure on its point to the nerve (fig. 81 ). 
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In the Primates amongst the Mammalia there are present papilla 
in the skin (especially on the volar surface) in which the structures 
known as touch-bodies, containing the termination of tactile nerves, 
are placed (fig. 82). 

In addition to the general sensibility and the tactile sensations, 
the higher animals possess, as a special form of sensibility, the 
capacity of distinguishing different temperatures. 

The sensations of sound are produced through an organ, the 
auditory organ, which is, in a certain measure, a special modification 
of a tactile organ. The auditory organ in its simplest form appears 
as a closed vesicle filled with fluid (. Endolymph ) and one or more 
calcareous concretions (otoliths) ; and containing in its walls rod or 
hair cells in which the nerve fibrillse end (fig. 83). Sometimes the 
vehicle lies on a ganglion of the central ner- 
vous system (Worms), sometimes at the end 
of a shorter or longer nerve, the auditory 
nerve (Molluscs, Decapoda). In many aqua- 
tic animals the vesicle may be open and its 
contents communicate directly with the exter- 
nal medium, in which case the otoliths may 
l>e represented by small particles such as sand- 
grains which have entered it from the exterior 
(Decapod Crustaceans). In Molluscs a deli- 
cate sensory epithelium (macula acustica, fig. 

83 Cz , Ifz.), marks the percipient portion of 
the inner wall of the vesicle ; while in Crus- Fl °- 82 — papilla 

from the volar surface 

tacea the fibres of the auditory nerve end in Wlt h the touch corpuscle 
cuticular rods or hairs which project from the and lts nerve iV 

wall of the vesicle, and, like the olfactory hairs of the antennse, 
bring about the nervous excitations. In the Vertebrata not only 
does the auditory vesicle obtain a more complicated form (mem- 
branous labyrinth), but there are also added to it apparatuses for 
conducting and magnifying the sound (fig. 84). The tympanum of 
Acrideidae and Locust ida?, which is generally looked upon as an 
auditory organ, is built upon quite a different type, since here, 
instead of a vesicle filled with fluid, air cavities serve for the action 
of the sound waves on the nerve-endings. 

The visual organs or eyes * are, after the tactile organs, the 
most widely distributed, and indeed are found in all possible stages 

* Cf. R. Lcuckart, “ Organologie des Auges,” Graofe and Satnisch, Hand- 
buch der Ophthalmologic, Bd, II. 
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of perfection. In the simplest cases they are known as eye-spots, and 
consist of irritable protoplasm, i.e., nervous substance, containing pig- 
ment granules ; and in this form they are perhaps scarcely capable 
of distinguishing light from darkness, but are only susceptible to the 
warm rays. It is hardly possible to coni eh e that pigment is indis- 
pensable for the sensation of light, because there are many eyes of 
complicated structure from* which pigment may be altogether absent. 
The view, however, according to which the pigment itself is sensitive 
to light, i.e., is chemically changed by the light waves and transmits 
the excitation produced by these movements to the protoplasm or 



Fro 88 — Auditory reside of a Heteropod (Pterotrachea). H, acoustic nerve , Ot, otolith 
the fluid of the vesicle , Wz, ciliated cells on the inner wall of the vesicle , Hz, auditory 
cells , Cz, central cell. 

the adjacent nervous substance cannot in itself be contradicted, but 
it is by no means clear that such changes are produced by the light 
rays as opposed to the heat rays. Of greater importance in this 
relation appears the special nature of the nerve endings, through 
which certain movements, progressing in regular waves, the so-called 
ether waves, are transmitted to the nerve fibres and give rise to a 
stimulus which travels to the central organ and is by it perceived 
as light. In all cases in which in the lower animals specific nerve 
endings cannot be made out, we have probably only to do with a 
forerunner of the eye, consisting merely of the pigmented termina- 


BEFEACTILX MEDIA.' A3TD PIGMENT. 


87 


tion of a cutaneous nerve which is sensitive only to gradations of 
temperature. Although the sensation of light is the function of the 
nerve centre, the rods and cones at the end of the optic nerve 
fibres are the elements which convert the external movement of the 
ether waves into an excitation of the optic nerve fibres adequate 
for the production of the sensation of light. 

For the perception of an image refractile apparatuses in front of 
the terminal expansion of the optic nerve (retina) are necessary; 
and further, the elements of the latter must be sufficiently isolated 
to admit of the stimuli set up in them being carried as separate 
movements to the nerve centre. Instead of a general sensation of 
light a complex sensation made up of many separate perceptions is 
produced, which corre- 
spond in position and 
quality with the parts of 
the exciting source. For 
the refraction of the light 
convex and often lens- 
shaped thickenings of 
the body covering (cor- 
nea, corneal lens) 
through which the rays 
pass into the eye, are 
developed ; refractile 
bodies are also found 
behind the cornea (lens, 
crystalline cone). The 
rays diverging from 
the various parts of 
the source of the 
light are, by means of the refractile media, collected and brought 
to corresponding foci on the retina or peripheral expansion of the 
optic nerve, which consists of the rod-shaped ends of the nerve fibres 
and some more or less complicated ganglionic structures. Lately, in 
consequence of the discovery of the visual purple * in the outer 
segments of the rods, it has been attempted to reduce the excitation 
of the end apparatus of the optic nerve to a photo-chemical process 
taking place in the retina. The fact that the diffuse pigment 
(visual purple) of the outer segments of the rods is bleached by the 

* In addition to the older works of Krohn, H. Muller, M. Schultze, cf. Boll 
ftitzungsberichte der Akad. Berlin, 1876 and 1877, also Ewald and Kuhne. 



Fig 84 —Diagram of the auditory labyrinth I of a 
fish II of a bird III of a mammal (after Wal- 
dej er) U, utricle with the three semicircular canals , 
S, saccule , US, alveus communis , C, cochlea , L, la- 
gena , B, aqueductus vestibuh , Or, canalis reunions 
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action of; light is of the highest interest, but it cannot be taken as 
proving a direct participation of the visual purple in the visual 
process, inasmuch as the visual purple is not present in those parts 
of the eye in which alone a distinct image is formed, viz., the macula 
lutea and, generally, the outer segments of the cones. 

The pigment of the eye seems to be of importance for absorbing 
the superfluous rays of light which would be injurious to the per- 
ception of an image. It is distributed partly immediately outside 
the retina, forming the choroid coat of the eye, which extends also 
inward^ between the individual retinal elements ; and partly in front 
of the lens, giving rise to a transversely placed curtain, the iris 

which is pierced by 
an opening, the pupil, 
capable of contrac- 
ting and dilating. In 
the higher grades of 
development the 
whole eye is, as a 
rule, enclosed in a 
hard, connective tis- 
sue coat, the sclerotic , 
and thus marked off 
as an eye bulb. 

The arrangements 
by which the shining 
points of an object 
act in regular ar- 
rangement on corre- 
sponding points of the 
optic nerve and so render possible the perception of an image vaiy, 
and are closely dependent upon the whole structure of the eye. 
Leaving out of consideration the simplest eyes, such as v e find in 
Worms and the lower Crustacea, two types of eye are to be distin- 



1. The first form occurs in the so called facetted eyes * (figs. 85 & 
86) of Arthropods (Crustacea and Insects). The retina of such eyes 
has a hemispherical form, the convex surface being directed out- 
wards, and consists of large compound neive rods, the retin ulse 

* See Job. Muller, “Zur \ergleichenden Physiologic des Gesichtssirmcs,” 
Leipzig, 1826. H. Gienaohei, * Untersachungcn uber das Sehorgan clci Aithro- 
poden,” Gottingen, 1879. 



Fig 8r,— Diagrammatic representation of the compound eye 
of aLibellula C, cornea , AT, ci,> stalhnc cone , F, pigment , 
Jt, nerve iods of letraa, Fb , luyci of fibres Os, layer of 
ganglion colls , Iif t ietm.il Abies , FI , ciossing of fibres 
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(figs. 85 & 86 Rf <Ss R), which are separated from one another by 
pigment sheaths. In front of these rods are placed the strongly 
refractile crystalline cones (k), and in front of these again the lens- 
shaped corneal facets (O & F), 


The eye is enclosed by a firm chitinous layer, which, following 


the sheath of the entering optic nerve, surrounds 
its soft parts and reaches as far as the cornea. 
That part of the eye which is known as optic 
nerve corresponds in a great measure to the retina 
itself, and contains a layer of ganglion cells and of 
nerve fibres. 

A reversed and reduced picture of the object 
is thrown behind each convex corneal facet (lying 
far from the sensitive layer of nervous rods), and 
only the perpendicular rays can be perceived since 
all the others are absorbed by “the pigment. Ac- 
cordingly the light impressions caused by these 
axial rays, whose number corresponds with the 
separate nerve rods, form a mosaic on the retina 
which repeats the arrangement of the paits of the 
external object emitting light. The picture which 
is here formed lacks, however, brilliancy and dis- 
tinctness. 

2. The second form of eye, which is widely distri- 
buted in the animal kingdom (the simple eye, 
Annelids, Insects, Arachnida, Molluscs, Verte- 
brates) corresponds to a globular camera obscura 



Flo 80 —Three fa 


with collecting lenses (cornea, lens) on its exposed 
anterior wall on which the light falls and usually 


cets with rotinulrfj 
from the com 
pound e> o of «i 


with additional dioptric media filling the optic cockchaiei (utter 
chamber (vitreous humour.) The simple eye of pigment has been 


Insects seems to have originated from the simple 
metamorphosis of part of the integument, beneath 
which are placed the end organs of the optic neive 
(fig. 87). The cuticular covering (CL) projects as a 
lens- shaped thickening into the subjacent layer of 
transparent, elongated, hypodermis cells (Ck), 
within which are placed elongated rod-like nerve- 


dissolved awa> 
from tv o of them 
F, corneal facet 
K, crystalline 
cone P, pigment 
sheath P, chiei 
pigment coll P ‘ , 
pigment cells of 
the second oidei 
R, retmulte 


cells with refractile cuticular portions, closely aggregated to form a 


retina (fig. 87 Rz). The hypodermis cells surrounding the edge of 


the lens are filled with pigment, and form an iris-like dark ring 



00 OBGANIZATION AND DEVELOPMENT OF ANIMALS IN' GENERAL. 


through the opening in which the rays of light enter the eye to fall 
on the terminal segments of the retinal cells (fig. 87). 

In the more highly developed forms of this type of eye, especially 
in the Vertebrate eye, the peripheral portion of the optic nerve 
spreads out so as to form a cup- shaped nervous membrane, the retina, 
placed immediately behind the refractile media and surrounded by a 
vascular pigmented membrane, the choroid. The choroid, again, is 
surrounded by a tough supporting membrane composed of fibrous 
connective tissue, and known as the sclerotic, which is continued over 
fte anterior part of the eye, i.e., that part through which the light 
passes, as a thinner transparent membrane. Of the refractile media 
which are placed behind the cornea and fill the cavity of the optic 

bulb, viz., the aque- 
ous humour, the lens 
(fig. 88 L), the vitre- 
ous humour ( Gl ), the 
lens is the most 
powerful. Grasped 
by the thickened 
muscular anterior 
part of the choroid 
(the ciliary body (Co) 

of its anterior face is 
covered by a forward 
continuation of the 
choroid, the iris (Jr), 
which, as a ring-like 
contractile border, 
forms a kind of diaphragm perforated by a central contractile opening, 
the pupil, through which the light enters the eye (fig. 88). The 
reversed image which is formed in the hinder part of the Vertebrate 
eye on the cup-shaped retina has a very considerable brilliancy and 
definition. 

The eyes of many Cephalopoda may be looked upon as a modifica- 
tion of this type of eye. In the eye of Nautilus the lens is absent, 
and the light enters through a small opening. In this case a 
reversed, but not brilliant, image is formed on the retina placed on 
the hinder wall of the eye. 

To enable the eye to see clearly objects in different directions and 


and ciliary processes), 
the peripheral part 



Fis. 87 —Transverse section through the simple eye of a 
beetle larva tnartly after Grenacher). CL, corneal lens ; 
Ok, the subjacent hypodermis cells, the vitreous humour 
of Authors ; P, pigment m the peripheral cells of the lat- 
ter ; Ee, retinal cells. St, outicular rods of the latter. 



OLFACTORY OBGAN. 


91 


at different distances, special apparatuses for its movement and 
accommodation are necessary. They are represented by muscles which 
can in the former case move the optic bulb and modify the direction 
of sight in obedience to the will of the animal, and in the latter act 
upon the refractile media, and vary their relation to the retina. In 
many compound eyes (Decapod Crustacea) that part of the head on 
which the eye is placed is prolonged so as to give rise to a movable 
stalk-like process, which bears the eye at its extremity. The eyes of 
Vertebrata possess in addition special protective arrangements, e.g., 
eyelids, lacrymal glands. 

The position and number of the eyes present very great variations 
amongst the lower animals. 

The paired arrangement on 
the head appears to be the 
general rule among the higher 
animals ; nevertheless visual 
organs sometimes occur on 
parts of the body far removed 
from the brain, as for instance, 
in Euphausia, Pecten, Spondy- 
lus, and certain Annelids 
(Sabellidse). In the Kadiata 
the eyes are repeated at the 
periphery of the body in each 
radius. In the star -fishes 
they lie at the extreme end 
of the ambulacra! furrow at 
the tip of the arms, in the 
Acalephae as the marginal 
bodies on the edge of the 
umbrella. 

The sense of smell appears to be less widely distributed. Its func- 
tion is to test the quality of gaseous matters and to produce in 
consciousness the special form of sensation known as “ Smell.” This 
sense in aquatic animals which breathe through gills cannot be sharply 
marked off from that of taste. The small pits, standing in connec- 
tion with nerves and provided with an epithelial lining of hair-bearing 
sense cells are to be looked upon as the simplest form of olfactory 
organ (Medusae, Heteropoda, Cephalopoda). Nevertheless scattered 
hair cells (Lamellibranchiata) may also have to do with the same 
sensation. In the Arthropoda the cuticular appendages of the 



Fig. 88.— Transverse section through the human 
eye (after Arlt). C, cornea ; L, lens ; Jr, ins 
with pupil ; Oc, ciliary body ; Ql, vitreous 
humour ; R, retina ; So sclerotic ; Ch, choroid. 
Ml, macula lutea ; JPo, papilla optica ; No, 
optic nerve. 
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antennse in which the gangliated swollen extremities of nerves occur 
are to be explained as olfactory fibres. In the Vertebrata the 
olfactory organ usually has the form of a paired pit or cavity placed 
on the under surface of the head (nasal cavity), on the walls of which 
the ends of the olfactory nerve are distributed. The higher air- 
breathing Vertebrata are distinguished by the fact that in them this 
cavity communicates with the pharynx, and by the great surface 
extension (in a confined aiea) of the much-folded olfactory mucous 
membrane. The fibres of the olfactory nerve terminate in delicate 

elongated cells, bearing 
iods or hairs and placed 
between the epithelial cells 
of tins mucous membrane. 

The special sense of taste 
is confined to the mouth 
and pharynx. Its function, 
from what we know of the 
higher organisms, is to test 
the quality ot fluid sub- 
stances, and to bung about 
the special sensation of 

taste. The presence of this 

sense can be demonstrated 
with certainty in the Ver- 
tebiata, and it is connected 
with the distribution of a 
special neive of taste, the 
glossopharyngeal, which in 

Pig 89 —a Transverse section through a circnm man supplies the tip, edges, 
vallate papilla ot a calf (after Th W Engelmann) , „ , 

JV, nerve, Gk, taste buds m the sidewall of the anc * root Oi the tongue and 

papilla, Pc b, isolated taste bud from the laternl a l so parts of the Soft palate 
taste organs of a rabbit c, isolated supporting- 15 

colls (Ite) and sense cells (Sz) from the same making these parts capable 

of the taste sensation. 

The so-called taste-buds found in special papillse (papillae ciicum- 
vallatce), with their central fibre-hke cells, are explained as the 
percipient organs of this sense (fig. 89 a , b , c). Taste is, as a rule, 
connected with the tactile and temperature sensations of the buccal 
cavity, and also with the olfactory sensations. Finally, special organs 
of taste appear to be present also in the Mollusc^ and Arthropods as 
a specific sensory epithelium at the entrance to the buccal cavity. 

In the lower animals the taste and olfactoiv organs aie still less 
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dearly distinguishable than in the higher, and there are numerous 
senses of an intermediate character for the purpose of testing the 
surrounding medium. 

The sense-organs of the lateral line of Fishes and Salamanders, and 
the organs resembling taste-buds of the Hirudinea and Chretopoda 
have been described as organs of a sixth sense. They probably bring 
about certain sensations referring to the quality of the water. 

PSYCHICAL LIFE* AND INSTINCT. 

The higher animals are not only rendered conscious of the unity 
of their organization by their feelings of comfort and discomfort, 
pleasure and pain, but also possess the power of retaining residua 
of the impressions of the outer world conveyed through the senses, 
and of combining them with simultaneously perceived conditions of 
their bodily state. In what manner the irritability of the lower pro- 
toplasmic organisms leads by gradual transitions and intermediate 
steps to the first affection of sensation and consciousness is as 
completely hidden from us as are the nature and essence of the 
psychical processes which we know are dependent on the movement 
of matter. 

We are, however, justified in supposing that a nervous system 
is indispensable for the development of the^e internal conditions 
which may be compared with that condition of our own organization 
called consciousness. Again, as animals have sense-organs capable 
of receiving impressions of definite quality from external causes, 
together with a capacity for retaining in their memory residua of 
their perceptions, and the power of connecting them with present and 
with the recollection of past states of bodily sensation so as to form 
judgments and conclusions, they possess all the conditions essential 
for the operation of the intelligence; and, as a matter of fact, they 
do manifest in an elementary form nearly all the phenomena which 
distinguish human intelligence. 

The actions of animals are not only voluntary, the result of experi- 
ence and intellectual activity, but are also largely determined by 
internal impulses which work independently of consciousness, and 
cause numerous, often very complicated, actions useful to the organism. 
Such impulses tending to the preservation of the individual and the 

* W. Wundt, “ Vorlesungen fiber die Menscben und Thierseele.’* 2 Bde. 
Leipzig, 1863. W. Wundt, “ Grundzfige der physiologischen Psychologic, * 
Leipzig, 1874. 
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species are called instincts ;* and they are usually regarded as a 
special property of the lower animals, and contrasted with the 
conscious reason of Man. But just as the latter must be looked 
upon as a higher form of the understanding and intellect, and not 
as something essentially distinct from them, so a closer examination 
shows that instinct and the conscious understanding do not stand in 
absolute contrast, but rather in a complex relation, and cannot be 
sharply marked off from one another. For if, according to the 
general view, we recognise the essence of instinct in the unconscious 
and the innate , still we find that actions which were at first performed 
under the direction of conscious intelligence become, by constant 
practice, completely instinctive and are performed unconsciously; 
and that, in accordance with the theory of descent, which the whole 
connection of natural phenomena renders so probable, instincts have 
been developed from small beginnings, and have only been able to 
reach the high and complicated forms which we admire in many of 
the more highly organised animals (Hymenoptera), when assisted 
by a certain amount, however small, of intellectual activity. 

Instinct accordingly may be rightly defined as a mechanism which 
works unconsciously, and is inherited with the organization, ’ and 
which, when set in motion by external or internal stimuli, leads to 
the performance of appropriate actions, which apparently are directed 
by a conscious purpose. We must not, however, forget that while 
the intellectual activities are the direct means whereby higher and 
more complicated instincts arise from simple ones, they themselves 
depend upon mechanical processes. We may well suppose that the 
simplest form of instinct is identical with the definite reaction of 
living matter following a stimulus, or, in other words, with that 
special form of molecular change which is caused by an external 
action (as, for instance, the contraction of an Amoeba when brought 
into contact with a foreign body). 

By the theory of partly instinctive, partly intellectual processes, 
we may explain the phenomena of association in societies so often 
found among the higher animals, t i.e.> the association of numerous 

* Compare H. S. Reimarius, “ AUgemeine Betrachtungen tiber die Triebe 
der Thiere,’* Hamburg, 1773. P. Flourens, “De Tinstinct et de rintelligence 
des animaux,” Paris, 1861. 

t The origin of the so-called animal stocks with incomplete or confined 
individuality among the lower animals is quite different, and merely determined 
by processes of growth ; at the same time the advantage for the preservation 
of the species gained by the fusion is the same. Cf. the animal stocks of the 
Vorticellidfie, Polyps, and Siphonophora, Bryozoa and Tunicata. 
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individuals into communities — the so-called animal-polities — which 
may be complicated by the division of labour (Bees, Wasps, Ants, 
Termites). 

In fact here ‘the combined action appears to be mutually assisting 
or mutually limiting as we find in those forms the so-called animal 
stocks, the individuals of which are bound together by continuity of 
body. The advantages to be gained by this mutual rendering of 
service are not merely limited to the greater facilities for nourish- 
ment and defence, and therefore for the preservation of the in- 
dividual ; but, above all, tend to the maintenance of the offspring, 
and hence to the preservation of the species. It is for this reason 
that the simplest and commonest associations, from which the more 
complicated communities, subdivided by partition of labour, are 
derived, are generally communities of both sexes of the same 
species. 


REPRODUCTIVE ORGANS. 

On account of the limit set to the duration of the life of every organ- 
ism, it appears absolutely necessary for the preservation of the animal 
and vegetable kingdoms that new life should originate. The forma- 
tion of new organisms might be due to spontaneous generation 
(geveratio equivoca ) ; and formerly this was supposed to take place, 
not only in the simpler and lower organisms, but also in the more 
complicated and higher. Aristotle thought that Frogs and Eels arose 
spontaneously from slime ; and the appearance of maggots in putre- 
fying meat was, till Itedi’s time, explained in the same manner. 
With the progress of science the limits within which this supposition 
could be applied became ever narrower, so that they soon came to 
include only the Entozoa and small animals found in infusions. 
Finally it has been shown by the researches of late years that these 
organisms also must, for the most part, be withdrawn from the region 
of the generatw equivoca ; so that at present, when the question of 
spontaneous generation is discussed, it is only the lowest organisms, 
those found in putrefying infusions, that are considered. The 
greater number of investigators,* supported by the results of 

* CE especially Pasteur, “ Memoire sur les corpuscules organises qui existent 
dans Patmosph^re” (Ann. des. Sc. Nat.), 1861 ; also u Experiences relatives 
aux generations dites spontanees ” (Compt. rend, de l’Acad. des Sciences, 
tome 50). 
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numerous experiments, have rejected, even for the latter animals, 
the idea of spontaneous generation, which, however, still finds in 
Pouchet * a prominent and zealous supporter. 

Biogenesis, as opposed to abiogenesis, or spontaneous generation, 
must be regarded as the usual and normal form of reproduction. 
Fundamentally it is nothing else than a growth of the organism 
beyond the sphere of its own individuality, and can be always reduced 
to a separation of a part of the body, which develops into an indi- 
vidual resembling the parent organism. Nevertheless the nature 
and method of this process differ extraordinarily ; and various kinds 
of reproduction can be distinguished, viz., fission , budding (< spore- 
formation ), sexual reproduction .f 

Reproduction by fission, which, with that by budding and spore- 
formation , is included under the term monogenous asexual reproduc- 
tion , is found widely scattered in the lowest animals, and is also of 
special importance for the reproduction of the cell. It consists 
simply of a division of the organism into two parts by means of a 
constriction which gradually becomes deeper, and eventually leads to 
the separation of the whole body of the organism into two individuals 
of the same kind. If the division remains permanently incomplete, 
and its products do not completely separate from each other, con- 
pound colonies of animals arise. The number of individuals in such 
colonies increases by a continuation of the process of incomplete and 
often dichotomous division of the newly-formed individuals (Vorti- 
cella, Polyp stocks), The division may take place in various direc- 
tions — longitudinal, transverse, or diagonal. 

Budding differs from fission by a precedent disproportionate , 
and asymmetrical growth of the body, giving rise to a structure 
not absolutely necessary to the parent organism v hich is developed 
to a new individual, and by a process of constriction and division 
becomes independent. If the buds remain permanently attached 
to the parent, we have here also the conditions necessary for the 
formation of a colony (Polyp colonies). Sometime^ the budding 
takes place at various parts of the outer suiface of the body, 
irregularly or obeying definite laws (Ascidians, Polyps); sometimes 
it is localised to a definite part of the body, separated off as a Germ- 
stock (Salpa, stolo prolifer). The cell-layers distinguished as germinal 

% * Pouchet, “ Nouvelles experiences sur la g6n£ration spontan^e et la resist- 
ance vitale,” Paris, 1864. 

f Cf. R. Leuckart’s article, “ Zeugnng ” in R. Wagner’s “ Handworterbuch 
der Physiologie.” 
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layers are repeated in the commencing buds, and from them the 
organs are differentiated. 

The reproduction by spores is characterised by the production 
within the organism of cells, which develop into new individuals in 
situ or after leaving the organism. But this conception of spores, 
which is taken from the vegetable kingdom, can. only be applied to 
the Protozoa and coincides with endogenous cell-division. The cases 
of so-called spore-formation amongst the Metazoa (germinal sacs of 
Trematodes) are probably identical with egg formation, and are to be 
reduced to a precocious maturation and spontaneous development of 
ova (Parthenogenesis, Pedogenesis). 

The digenous or sexual reproduction depends upon the production 
of two kinds of germinal cells, the combined action of which is 
necessary for the de- 
velopment of a new or- 
ganism. The one form of 
germ cells contains the 
material from which the 
new individual arises, and 
is known as the egg-cell , 
or merely egg (ovum). 

The second form, the 
s per nv-c ell (spermato- 
zoon), contains the ferti- 
lising material, semen or 
82)erm, which fuses with 
the contents of the egg- 
cell, and in a way which 
is not understood gives 
the impetus to the de- 
velopment of the egg. The cell structures from which the eggs and 
sperm arise are called sexual organs , for reasons which will be evi- 
dent in the sequel ; the eggs being produced in the female organ or 
ovary, and the semen in the male organ or testis . The egg is the 
female , and the semen the male product. 

The structure of the sexual organs presents extraordinary diffe- 
rences and numerous grades of progressive complication. In the 
simplest cases, both products arise in the body wall, the cells of whi<jh 
give rise at determined places to ova or spermatozoa (Coelenterata). 
Sometimes they arise in the ectoderm (Hydroid-Medusae), sometimes 
in the entoderm (Acalepha, Anthozoa). A similar arrangement 
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Fig. AO — Generative organs of a Heteropod (Ptcrotra- 
ohea) after K. Leuckait a, Male-oigans , T, testis* 
1 d, van deferens b, female organs , Or, ovary ; Ed, 
albumen gland ; Ea, recepfcaculum sommis ; Va, va- 
gina. 
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obtains in the marine Polychaeta, in which the ova and spermatozoa 
are developed from the epithelium of the body-cavity (mesoderm), and 
dehisced into the body cavity. Usually, however, special glands, the 
ovaries and testes, are developed, which perform no other function 
than that of secreting ova and spermatozoa (Echinoderms). 

As a rule, however, there are found associated with the male and 
female generative glands accessory structures and a more or less com- 
plicated arrangement of ducts, which discharge definite functions in 
connection with the development of the generative products subse- 
quent to their separation from the glands, and ensure a suitable 
meeting between the male and female elements (fig 90). The ovaries 
are provided with ducts, the oviducts, which are not rarely derived 


a 



Fig. 91, a . — The female organs of Fulex (after Stein). Ov, ovarian tnbes ; JR$ t recoptaculum 
seminis ; F, vagina ; 67, accessory gland. 6, The male generative organR of a water-bug 
(Nepa) (af tor Stem) T, testis ; Vd, vaaa deterentia ; Ql % accessory glands ; D, ductus ejacu- 
latorius. 

from structures serving quite another purpose (segmental organs). 
The oviducts, in their course, may receive glandular appendages of 
various kinds which furnish yolk for the nourishment of the ovum, 
or albumen to surround it, or material for the formation of a hard 
egg-shell (chorion). These functions may be sometimes discharged 
by the ovarian wall (Insects), so that the egg when it enters the 
oviduct has taken up its accessory yolk and acquired its firm egg- 
shell. Very often the ducts also discharge these vaiious functions, 
and are divided into corresponding regions ; they are often dilated 
at part of their course to form a reservoir for the retention of the 
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©ggs or of the developing embryos (uterus). Their terminal section 
presents differentiations subserving fertilization (receptaculum 
seminife, vagina, copulatory pouch, external generative oigans). The 
efferent ducts of the testis, the vasa deferentia, likewise frequently 
give rise to reservoirs (vesiculee seminales) and receive glands (pros- 
tate), the secretion of which mixes with the sperm fluid or surrounds 
aggregations of the spermatozoa with a firm sheath (spermatophors). 

The terminal section of the vas deferens becomes exceedingly 
muscular, and gives rise to a ductus ejaculatorius, which, as a rule, 


is accompanied by an external 
conveyance of the semen into 
generative organs present 
either a radial (Coelenterata, 
Echinodermata) or a bilate- 
rally symmetrical arrangement 
(fig. 91), a contrast which is 
visible in the typical arrange- 
ment of all the systems of 
organs. 

The simplest and most 
primitive condition of the 
generative organs is the her- 
maphrodite. Ova and sper- 
matozoa are produced in the 
body of one and the same 
individual, which thus unites 
in itself all the conditions 
necessary for the preservation 
of the species, and alone 


organ of copulation to facilitate the 
the female generative organs. The 


a 



Fig. 02 — Sexual organs of a Pteropod (Cymbuha) 
(alter Gegenbaur ) a , Zd, hermaphrodite gland 
with common duct ; R», receptaculum semmiti , 
U, uterua. b, Acinus of the heimnplirodite gland 
of the same. 0, ova , S , speimatozoa. 


represents the species. Instances of hermaphroditism are found in 


every group of the animal kingdom. But they are especially nume- 
rous in the lower groups, and also in animals in which the movements 
are slow (Land-snails, Flat-worms, Hirudinea, Oligochoeta), or which 
live singly (Cestoda, Trematoda), or in attached animals which are 
without power of changing their position (Cirripedia, Tunicata, 
Bryozoa, Oysters). The hermaphrodite arrangement of the gene- 
rative organs presents great variation, which, to a certain extent, 
forms a gradual series tending towards the separation of the sexes. 

In the simplest cases, the points of origin of the two kinds of 
generative products lie close to one another, so that the spermatozoa 
and ova meet directly in the parent body (Ctenophora, Ohrysaora). 



100 ORGANIZATION AND DEVELOPMENT OE ANIMALS IN GENERAL. 

The elements of both sexes arise in layers of cells which have a definite 
position beneath the entodermal lining of the gastro- vascular canals, 
and can be traced back to growths of the ectoderm. At a higher 
stage the ovaries and testes are united in one gland, the hermaphrodite 
gland (Synapta, Pteropoda), provided with a single duct common to 
the ova and spermatozoa (fig. 92), but which, as in Helix (fig. 93), 
may partially separate into vas deferens and oviduct. In other cases 
the ovaries and testes appear as completely separated glands with 
separate ducts, which may still open into a common cloaca (Cestoda, 

Trematoda, rhabdocade 
Turbellarians, fig. 94), or 
may possess separate open- 
ings (Hirudinea, fig. 95). 

Two hermaphrodite in- 
dividuals may, and this 
appears to be the rule, 
mutually fertilise each 
other at the same time, 
or cases may occur in such 
hermaphrodites in which 
self-fei tilization is sufficient 
for the production of off- 
spring. But this original 
condition of self-fertiliza- 
tion appeal’s to be the ex- 
ception in almost all 
hermaphrodites. In those 
animals in which the ovary 
and testis are not com- 
pletely separated from one 
another cross-fertilization 
is rendered necessary, and 
self-fertilization prevented 
by the fact that the male 
and female elements are matured at different times (Snails, Salps). 

From this form of complete hermaphroditism the generative organs 
pass through a stage of incomplete hermaphroditism, in which, 
though the organs of both sexes are present, one of them is rudi- 
mentary, to reach the dicecious condition in which the sexes are 
completely separated (Distomum jillicolle and hcematohiam ). Animals 
in which the sexes are distinct not unfrequently present traces of an 



Fm. 93 — Sexual organs of tho Roman Snail (Helix 
poraatia) Zd, hermaphrodite gland , Zg, itb duct , 
Ed, albumen gland, Od, oviduct and nominal 
groove, Yd, vas deferens, P, protrusiblo penis; 
FI, flagellum, Rtf, leeoptaeulum semmis , D, 
finger-shaped gland , L, Spiculum amoris ; Go, 
common gomtal opening. 
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hermaphrodite arrangement ; such, for instance, as may be seen in 
the arrangement of the generative ducts of the Vertebrata. In the 
Amphibia both male and female generative ducts, which are secondarily 
derived from the urinary ducts, are developed in each individual. 
The oviduct (Mullerian duct) in the male atrophies, and is only repre- 
sented by a small rudiment (fig. 9 6b, Mg ); while, on the contrary, 
in the female, the vas deferens (Wolffian duct) is rudimentary, or, 
as in Amphibia, functions as the efferent duct for the kidney secre- 
tion (fig. 96a, hg). 



Fio 94 —Generative appara- 
tus of a lhabdotae Tur- 
bellarun (vortex virnUs) 
(after M Schultze) T, tos- 
tis , Vd, vas deferens , Vm, 
Bcramal vesiclo, P, pro 
tiumble poniB, Ov, ovary, 
Va, vagina, M. uteias , 
yolk gland , It*, recop- 
taculum sommis 


With the separation of the male 
and female gene- 
rative organs in 
different indivi- 
duals the most 
complete form of 
sexual reproduc- 
tion, so far as con- 
cerns division of 
labour, is reached ; 
but at the same 
time a progressing 
dimorphism of the 
male and female 
individuals be- 
comes apparent. 

This is due to the 
fact that the or- 
ganization in bi- 
sexual animals is 
more and more 
influenced by the 
deviating func- 
tions of the sexual 
organs, and with 



Fio 95 — Generative appa 
ratus of the medicinal 
leech T testis, Vd, vas 
defeiens, JVh, \ eBicul i 
beminalis , Pr, pi estate 
C, poms , (h, ovaries 

with vagma and female 
geneiativo opening 


the increasing 


complication of sexual life becomes modified for the perfoi mance 
of special accessory functions connected with the production of ova 
and spermatozoa. 


In the first place, the modification of the generative ducts of the 
two sexes in accordance with the function they have to perform 
determines the development of secondary sexual chai actors and of 
sexual dimorphism. Other organs as well as the geneiative appa- 
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ratus present differences m the two sexes, being modified for the 



Fig 96a —Left urinary and generative or 
gans of a female Salamander without the 
cloaca Ov ovary N, kidney hg urm 
ary duct corresponding to the Wolffian 
duct , Mg, Mullerian duct as oviduct 



Kl 

Fig 966, Left urinary and generative organs 
of a male Salamander, more diagrammatic 
T, testis Ve vasa efferentaa , N, kidney 
with its collecting tubules Mg, Mulle 
nan duct as a rudiment Wg Wolffian 
duct or vas deferens Kl, cloaca with ac 
cessory glands Dr, of the left side 


performance of special functions in the sexual life. The female is 
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the passive agent in copulation, merely receiving the semen of the 
male; the female possesses material from which the offspring 



Fig. 97a - Male of Aphis platanouios. oo, ooem ; «>, Luuuy LuLOo , I\ n ™ n 


levelop, and accordingly takes care of the development of the 
fertilised egg and of the later fate of the offspring. Hence 
the female usually possesses a 
less active body and numerous 
Arrangements for the protection 
and nourishment of her offspring, 
which develop either from eggs 
laid by the mother and sometimes 
carried about with her, or in the 
maternal body and are bom alive. 

The function of the male is to 
seek, to excite, and to hold the 
female during copulation ; hence, 
as a rule, he possesses greater 
vigour and power of movement, 
higher development of the senses, 
various means of exciting sexual 
feeling, such as brighter colour- Fig. ® 7b > Apteroun oviparous female of the 
ing, louder and richer voice, pre- 
hensile organs, and external organs for copulation (fig. 97, a , b). 

In exceptional cases, the functions relating to the maintenance of 
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the offspring may be discharged by the male, e.g., Alytes and the 
Lophobranchia. Male birds also often share with the female the 
labour of building the nest, of bringing up and protecting the young. 
But it is a rare exception to find, as in Cottus and the Stickleback 
(Gasterosteus), that the care and protection of the young fall 
exclusively upon the male, that he only bears the brood pouch and 
alone builds the nest, — an exception which bears strong witness to 
the fact that the sexual differences both in form and function were 
first acquired by adaptation. 

In extreme cases, the sexual dimorphism may lead to so great a 
difference in the sexes that without a knowledge of their development 



Fig 08 — Chondracanthus gibbosus, magnified about 6 times, a, female from the side, b , 
female from the ventr il surface with the malo (F) attached c, male isolated, under strong 
magnification. An', anterior antenna , An", clasping anteuna 1 , F' and F", the two pairs 
of feot ; A , eye , Ov, egg sacs ; Oe, oesophagus , Z>, intestine , M, mouth paits • T, testis , 
Vd, vas deferens , Sp, spermatophore. 

and sexual relations, the one sex would be placed in a different family 
and genus to the other. Such exti ernes are found in the Iiotifera 
and parasitic Copepoda (Chondracanthus, Lermeopoda, fig. 98, a, 
b, c), and are to be explained as the result of a parasitic mode of life. 

The difference in the two kinds of individuals representing and 
maintaining the species, whose copulation and mutual action was 
known long before it was possible to give a correct account of the 
real nature of reproduction, has led to the designation “ sexes,” from 
which tho term sexual has been taken to apply to the organs and 
manner of reproduction. 
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In reality sexual reproduction is nothing eke than a special form 
of growth. The ova and spermatoblasts represent the two forms 
of germinal cells which have become free, and which, after a mutual 
interaction in the process of fertilization, develop into a new 
organism. Nevertheless under certain conditions the egg can, like 
the simple germ cell, undergo spontaneous development; numerous 
instances of this mode of development, which is known as partheno- 
genesis, are found in Insects. The necessity of fertilization therefore 



Hr 


Fig. 99. — Viviparous form of Apliis platanoides. Oc, ocelli ; Hr, honey tubes. 

no longer enters into our conception of the egg-cell, and no absolute 
physiological test is left to enable us to distinguish it from the germ- 
cell. It is usual to regard the place of origin in the sexual organ 
and in the feinale body as a feature distinguishing the ovum from a 
germ cell, but even with this morphological test we do not in each 
individual case arrive at the desired result (Bees, Bark-lice, Psychidct). 
We have already given prominence to the fact that ovaries and 
testes, in the simplest cases, consist of nothing more than groups 
of cells of the epithelium of the body cavity or of the outer skin. 
These, however, do not acquire the character of sexual organs until, 
at a higher stage of differentiation, the contrast between the two 



106 ORGANIZATION AND DEVELOPMENT OE ANIMALS IN GENERAL. 


sexual elements has made its appearance. When the male elements, 
and with them the necessity of fertilization, are absent, and when, at 
the same time, the organ which produces the germ cells possesses, in 
its full development, a structure similar to that of an ovary, it 
becomes very difficult to distinguish whether we have to do with 
a pseudovary (germ-gland), and with an animal which reproduces 
asexually ; or with an ovary and a true female, whose eggs possess 
the capacity of developing spontaneously. It is 
only a comparison with the sexual form of the 
animal which makes the distinction possible. To 
take the case of the Plant-lice or Aphides; in 
these animals we find a generation of viviparous 
individuals, easily distinguishable from the true 
oviparous females, which copulate and lay eggs. 
They resemble the latter in the fact that they 
are provided with a similar reproductive gland, 
constructed upon the ovarian type ; but they differ 
from them in this important peculiarity, that 
they are without organs for copulation and ferti- 
lization (in correspondence with the absence of 
the male animal) (fig. 99). The reproductive cells 
of the organs known as pseudovaries have an 
origin precisely similar to that of eggs in the ova- 
ries, and only differ from ova in the veiy early 
commencement of the embryonic development. 
The viviparous individuals will theiefore be more 
correctly regarded as agamic females peculiarly 
modified in the absence of organs for copulation 
and fertilization ; and the reproductive cells are 
by no means to be relegated to the category of 
germ-cells (as formerly was done by Steenstrup). 
We must therefore speak of the reproductive pro- 
cesses in the Aphides as being sexual and partheno- 
genetic and not sexual and asexual. A comparison 
of the mode of reproduction of the Bark-lice with 
that of the Aphides, especially of the species Pem- 
phigus terebinthi, puts the correctness of this 
supposition beyond the sphere of doubt. 

A similar condition is found in the viviparous larva of Cecidomyia. 
Here the rudiment of the generative glands very early assumes a 
structure resembling that of the ovary, and produces a number of 
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Fio. 100. — V iyipa- 
rous Cecidomyia 
(Miastor) larva 
(after Al. Pagen- 
stecher). Tl , 
Daughter lar v as 
developed from the 
rudimentary 
ovary. 
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reproductive cells which resemble ova m their method of origin, 
and at once develop into larvse. The pseudovary is cletrly derived 
from the mdiment of the sexual gland, but without ever r eaching 
complete development (fig 100) The ovary acquires to a certain 
extent the signification of an oigan for producing germ-cells, and 
it is not improbable that many products (Redw, Sporoci/st) 
regarded as spores or germ-cells correspond to embryonic ovaries 
which produce ova capable of spontaneous development. 


a 



Fig 101 — Ovum of Nephelis (after O Hertwig) a the ovum half an hour after deposition 
a projection ot the protoplasm indie ites the c iminenc mg formation of the hrst polar body 
tho nuclear spindle is visible b, The same an hour later with p ilar body extrudod, and 
after entrance of the spermatozoon Sk, male pronucleus c Tho same another hour 
later without egg membi ane, and with two polar bodies and male pronucleus (Sk) d, the 
same an hour later with approximated female and male pronuclei , Ilk, polar bodies 


DEVELOPMENT 

It follows from the facts of sexual reproduction that the simple 
cell must be regarded as the starting pomt for the development of 
the organism. The contents of the ovum spontaneously or under 
the influence of fertilization enter upon a series of changes, the final 
lesult of which is the rudiment of the body of the embryo These 
changes consist essentially m a process of cell division which implicates 
the whole protoplasm of the ovum, and is known as segmentation . 
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For a long time the behaviour of the germinal vesicle at the 
commencement of segmentation and its relation to the nuclei of the 
hist formed segments were obscure, and the know ledge of the changes 
and fate of the spermatozoa which enter the ovum in the process of 
fertilization was, in like manner, in a very unsatisfactory state. Of 
late years, numerous investigations, especially those of Butschli, 
O. Hertwig, Fol, etc., have thrown some light on these hitherto 
completely obscure processes. It was supposed that in a ripe ovum 
preparing itself for segmentation the germinal vesicle disappeared, 


a 
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Fig 102, a, b — Parts of the ovum of Astenas glaoalis with spermatozoa, embedded m 
the mucilaginous coat (altor H Fol ) c, uppei part of the ovum of Petromyzon (after 
Calborla) Am, micropyle , Sp, sjiennatozoa , Jm, path of tho spermatozoon, hk., female 
pronucleus, Jhh, membrane of ovum , Ehz , prominences of tho same 

and a new nucleus was foraged quite independently of it ; and that the 
persistence and the participation of the germinal vesicle in the for- 
mation of the nuclei of the first segmentation spheies were exceptional 
(Siphonophora, Entoconcha, etc.) Thorough investigations carried 
out on the eggs of numerous animals have, however, shown that as 
a matter of fact the germinal vesicle of the ripe ovum only experi- 
ences changes in which the greater part of it, together with some of 
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the piotoplasm of the ovum, is thrown out of the egg as the so-cilled 
directive bodies or polar cells (fig 101) The pait of it, howevei, 
which remains m the ovum retains its signific mce as a nucleus, and 
is known as the ft male pronucleus This fuses with the single 
spermatozoon (male pionucleus) winch has foiced its way mto the 
ovum (fig 102), and the compound stiucture so formed constitutes 
the nucleus of the fertilized ovum, oi as it is gcneially exiled, the 
fust segmentation nucleus 


/ P 3 



Tig 103/ — Development of a Star fish, Asteracantl ion borylmns (after Alex Agassz) 1 
< mmencmg sermon tation ot the fiattene I egg — it one i> lo are set-n the polar jo ies 
sta^e with two segments 3, with foul 1 with flight with thufcy two scgm.cn 
later stage 7, blast jspliere with commencing mvogn ation S and 0 m re a( vance 
stages of myagmatit n The opening ot the gastiula ca\ ity becomes the anus 

This new nucleus, which divides to give me to the nuclei of the 
first segmentation spheres, would appeu therefore to be the product 
of the fusion or conjugation of the pait of the germinal vesicle, 
which remains behind m the ovum, with the male pronucleus, which 
is a derivative of the spermatozoon which lixs enteied the ovum 
reinitiation would appear , therefore , to depend upon the addition 
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of a new element bringing about the regeneration of the primary 
nucleus of the ovum or germinal vesicle , and would have impressed 
its influence on the constitution of the conjugated nucleus. The 
regenerated ovum is therefore the starting-point of the subsequent 
generations of cells which build up the embryonic body. 

Both the origin of the polar bodies which takes place in the ripe 
ovum independently of fertilization, and the division of the segmen- 
tation nucleus are accompanied by the appearance of the nuclear 
spindle and star-shaped figures at the poles of the spindle which are 
so characteristic of the division of nuclei. The male pronucleus, 
before it fuses with the female pronucleus, also becomes surrounded 
by a layer of clear protoplasm, around which a star-shaped figure 
appears (fig. 101). In those cases in which segmentation takes 
place without a precedent fertilization ( parthenogenesis ), the female 
pronucleus appears to possess within itself the properties of the first 
Segmentation nucleus. 

The fertilization is followed by the process known as segmentation, 
in which the ovum gradually divides into a greater and greater 
number of smaller cells. Segmentation may be total , i.e., the whole 
ovum segments (fig. 103), or it may be partial , in which case only a 
portion segments (fig. 105). 

Total segmentation may be regular and equal , the resulting seg- 
ments being of equal size (fig. 103 ) ; or it may sooner or later become 
irregular, the resulting segments being of two kinds — the one smaller 
and containing a preponderating amount of protoplasm, the other 
larger and containing more fatty matter. In these cases the seg- 
mentation is said to be unequal . The process of division proceeds 
much more quickly in the smaller segments, while in the larger and 
more fatty segments it is much slower, and may eventually come to 
a complete standstill. The development of the frog’s egg will serve 
as an example of unequal segmentation, of which there are various 
degrees (fig. 104). In this egg a dark pigmented and protoplasmic 
portion can be distinguished from a lighter portion containing 
much fatty matter or food yolk. The former is always turned 
uppermost in the water, and is therefore called the upper pole of 
the egg. The axis which connects the upper pole with the lower 
is known as the chief axis. The planes of the two first segmentation 
furrows pass through the chief axis and are at right angles to each 
other. They divide the egg into four equal parts. The third 
furrow (fig. 104, 4) is equatorial, taking place in a horizontal plane, 
and cutting the chief axis at right angles. It lies, however, nearer 
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the upper pole than the lower, and marks the line of division 
between the upper and smaller portion of the egg from the lower 



Fig 104.— Unequal segmentation of the Frog’s egg (after Ecker) in ten successive Btages. 


and larger portion, in which the segmentation proceeds much more 
slowly than in the former. 

In partial segmentation we find a sharply marked contrast between 
the formative and 


nutritive parts of the 
egg, inasmuch as the 
latter does not seg- 
ment. The terms 
holohlastic and me- 
roblastic therefore 
have been applied to 
total and partial seg- 
mentation respec- 
tively. 

Nevertheless, in 
total segmentation 
also, either groups of 
segments of a definite 
quality, or, at any 
rate, a fluid yolk 



material may be used 
for the nourishment 
of the developing 
embryo. In fact, the 


Fig. 105. Segmentation of the germinal disc of a Fowl’s egg 
surface view (after Kolliker), A, germinal disc with the 
first vertical furrow , B, the same with two vertical furrows 
crossing one another at right angles , C and D, more ad- 
vanced stages with small central segments 


contents of every egg consists of two parts — (1) of a viscous albu- 
minous protoplasm; and (2) of a fatty granular matter, the 
deutoplasm, or food yolk. The first is derived from the protoplasm 
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of the original germinal cell, while the yolk is only secondarily 
developed with the gradual growth of the first ; and not unfrequently 
it is derived from the secretion of special glands (yolk glands, Trema - 
todes) ; it may even be added in the form of cells. 

In the Ctenopliora and other Cedent erata we see already in the 
first-formed segments the separation of the formative matter or 
peripheral ectopl ism from the nutritive matter or central 
endoplasm. 

In eggs undergoing a partial segmentation the formative matter 
usually lies on one side of the large unsegmenting food yolk. In 
accoi dance with this, the segments of such eggs, known as telolecithal , 
arrange themselves in the form of a flat disc (geiminal disc); hence 
this kind of segmentation has been called discoidal (egg s of Aves, 
Keptilia, Pisces) (fig. 105). The food yolk may, however, have a 
central position. In such centrolecithal eggs the segmentation is 


A B C D 



Fro 106 — Unequal segmentation of the controlecithal egg of Gramm irus loeusta (in part after 
Ed -\ an Bcncdcn) The central yolk mass does not appeal till a late stage and undergoes 
later an “ after- segmentation ” 

confined to the periphery, and is sometimes equal (Paltemon) and 
sometimes unequal (fig. 100). The cential yolk m<i>s may at first 
remain unsegmented, but later it may undergo a kind of after- 
segmentation and bieak up into a number of cells (fig. 106). Again, 
in other cases the food yolk, at the commencement of segmentation, 
has a peripheral position, so that the cleavage process is at first 
confined to the inner parts of the egg, and only in later stages, when 
the food yolk has gradually shifted into the centre of the egg, 
appears as a peripheral layer on the surface. This is found especially 
in the eggs of Spiders (fig. 107). The first processes of segmentation 
in these at first ectolecithal ova are withdrawn from observation, 
since they take place in the centre of an egg covered by a superficial 
layer of food yolk, until the nuclei with their protoplasmic invest- 
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ment reach the periphery, and the fatty and often daikly granular 
food yolk comes to constitute the central mass of the egg (Insects) 
As various as the forms of segmentation are the methods by which 
the segments aie applied to the building up of the embryo Fre 
quently m cases of equ il segmentation the segments an xnge them- 
selves m the form of a one layered vesicle, the blartotphere, the 
central cavity of which not rarely contains fluid elements of the food 
yolk ; or they are at once divided into two 1 lyers around a central 
c mty containing fluid, or they form a solid mass of cells without 



Fio 107 — Six stages m the segmentation of a spider s egg (Philo Inmus limb^t is) after Huh. 
Lulwig A egg with two deutoplasmic rosette like masses (segmentah nsjhoies) J3, 
the rosette like masses with their centrally placed nucleated jroto}U n witl out egg 
membrane C egg with a great number of rosette like masses D the i isotte l ko masses 
have the form of polyhedral deutoplasmic columns each of which has a cell of the blns- 
to lerm lying immediately superficial to it E t stage with blastoderm completely f irme 1 
F optical section through the same The yolk columns form within the blastoderm a 
c losed m\ eat ment to the central space 


any central cavity In numerous cases, especially when the food 
yolk is relatively abundant (unequal and partial segment ition) or the 
food supply continuous, the embryonic development is longer and 
more complicated. The embryonic rudiment in such cises lias at 
first the form of a disc of cells lying on the yolk , it soon divides into 
two layers, and then grows round the yolk 
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The two layered gastrula is, as a rule, developed from the blasto- 
sphere by invigin it ion (embolic in\ agination) In this process the one 
half (sometimes distinguished by the laigei bi/e and more granular 
natuie of its cells) of the cell will of the blistospheie is pushed 
m upon the othu half (fig. 108), and on the n mowing of the 



Tig 108 — A, Blastospliere of Amphioxus B mv initiation of the same C gastrula, invagi 
uition completed O, bias top le ( iftcr li H itscliek) 


a pei tin e of m\ igimtion (blastopoi e, mouth of gastiula) becomes the 
cndodumil li^er (hypoblast) lining the g isti ul i cavit> The outei 
1 lyei of cells constitutes the ectochim or ept blast This mode of 
foimation of the gastiuli, which is veiy common, is found, e q , in 
Ascidi ins, md amongst the Yeitcbiiti m Amplnoxus (fig 108) 
Moie laiely the gastrula arises by delammuhon Ihis piocess 
consists of a concentnc sphttmg of the cells of the blastospheie 
into an outer la^ei (epiblast), and an inner (hypoblast) (fig 109). 



Fig 109 — Transverse sections through three stages in the segmentation of Geryoma (after 
H Tol ) A stage with thnty two segments, inch segment is divided into an external 
finely granular protoplasm (ectoplasm) ind an inner clearer layer (endoplasm) B, later 
stage C , embi yo after dt lainraatir n with ectodt i m slightly separated fi om the endoderm, 
which is composed of laigc cells sun mndmg the segmentation cavity 


The central cavity of the gistiula m this case is derived from the 
original segmentation cavity, and the gastrula mouth is only 
secondai lly formed by peifoiation. This method of development 


PEIMITITE STBEAK. 


115 


of the gastrula has hitherto only been observed in some hydroid 
Medusae (Geryonia). 

Finally, when the inequality of the segmentation is very pro- 
nounced, the gastrula is formed by a process known as epibole. In 
this process of development the epiblast cells, which are early distin- 
guishable from the much larger hypoblast cells, spread themselves 
over the latter as a thin layer (fig. 110); and in this, as in the 
second method of development of the gastrula, the cavity of the 
gastrula is, as a rule, a secondary formation in the centre of the 
closely-packed mass of hypoblast cells. The blastopore is usually 
found at the point where the complete enclosure of the hypoblast 
is effected. 

It sometimes happens that a part of the primary blastosphere is 
developed more i^ipidly than the remainder, and gives rise to a 

A 


■Fig. 110. — A , Unequal segmentation of the egg of Bonellia, B, epibohc gastrula of the 
same (after Spengel). 

bilaterally-symmetrical stripe-like thickening placed on the dorsal or 
ventral surface of the embryo. Frequently, however, such a germinal 
or 'primitive streak is not developed, and the rudiment of the embryo 
continues to develop uniformly. Formerly great importance was 
attached to these differences, the one being distinguished as an 
evolutio ex una parte , and the other an evolutio ex omnibus partibus . 
It is not, however, possible to draw a sharp line between these two 
methods of development, nor have they the significance which was 
formerly ascribed to them, for closely allied forms may present great 
differences in this respect according to the amount of food yolk and 
the duration of the embryonic development. 

The Ccelenterata, the Echinoderms, the lower Worms and Mol- 
luscs, Annelids, and even Arthropods and Vertebrates (Amphioxus) 
present us with examples of regular development of all parts of the 
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body of the embryo which, if the yolk membrane fails, has no need 
of a special protective envelope. In this latter group, however, the 
formation of the germinal streak, which is in close relation with 
the formation of the nervous system, is accomplished later, during 
the post-embryonic development, when the larva is free-swimming 
and can procure its own food. In like manner many Polychsetes 
and Arthropods (Branchipus) only acquire a germinal streak in 
the course of their later growth as larvae. 

In all cases in which the embryonic development begins by the 
formation of a germinal streak, the embryo only becomes definitely 
limited after the yolk has been gradually surrounded, as a result 
of processes which are connected with the complete entiy of the 
yolk into the body cavity (Frogs, Insects), or with the origin of a 
yolk sac from which the yolk passes gradually into the body of the 
embryo (Birds, Mammals). The progressive organization of this 
latter, up to its exit from the egg membranes, presents in each 
group such extraordinary variations that it is not possible to give 
a general account of them. 

Of primary importance is the fact that in the rudiment of the 
germ two cell layers first make their appearance — one the ectoderm, 
which gives rise to the outer integument; and the other the endoderm, 
from 'which arises the lining membrane of the digestive cavity and 
of the glands opening into it. Between these two layers there is 
formed, either from the outer or the inner layer, or from both layers, 
an intermediate layer, known as the mesoderm. From the mesoderm 
arise the muscular system and the connective tissues, the corpuscles 
of the lymph and blood, and the vascular system. The body cavity 
may either be derived from the persisting segmentation cavity, i.e., 
the primitive space between the ectoderm and endoderm (primary 
body cavity), or it may be developed secondarily as a split in the 
mesoderm (coelom), or as outgrowths from the rudiment of the 
alimentary canal (archenteron), in which case it is known as an 
enterocoele body cavity. 

The nervous system and organs of sense are probably in all cases 
derived from the ectoderm, very frequently as pit- or groove-like 
invaginations which are subsequently constricted off. On the other 
hand, the urinary and generative organs arise both from the outer 
and inner layers as well as from the middle layer, which is itself 
derived from one of the primary layers or from the walls of the 
primary single layered blastosphere. 

Accordingly, as a rule the rudiments of the skin and glandular 



HOMOLOGY OF THE GEBMINAL LAYERS. 117 

lining of the alimentary canal are the first differentiations in the 
embryo ; and many embryos, the so-called Planuke and Gastrulse, on 
leaving the egg, have only these two layers and an internal cavity, 
the archenteron. Then follows the development of the nervous 
and muscular systems, — the latter taking place sometimes contem- 
poraneously with or after the first appearance of the skeleton, — 
especially in cases in which a germinal streak is developed. The 
urinary organs and various accessory glands, the blood-vessels and 
respiratory organs do not appear till later. 

The degree of difference between the offspring on attaining the 
free condition (i.e., at birth or hatching) and the sexually mature 
adults, both as regards form and size as well as organization, varies 
considerably throughout the animal kingdom. 

It is a very striking fact that an embryo provided with a central 
cavity and a body wall composed of only two layers of cells appears 
in different groups of animals as a freely moveable larva capable of 
leading an independent life. Having recognized this fact, it was 
not a great step, especially as Huxley * some time ago had compared 
the two membranes of the body wall of the Medusas (called later 
by Allman ectoderm and endoderm ) with the outer and inner 
layers of the vertebrate blastoderm (epiblast and hypoblast), to arrive 
at the conclusion that there was a similar phylogenetic origin for the 
similar larvae of very different animal types, and to trace back the 
origin of organs functionally resembling each other to the same 
primitive structure. 

It was A. Kowalewskit who, by the results of his numerous 
researches on the development of the lower animals, first gave this 
conception the groundwork of fact. He not only proved the occm - 
rence of a two-layered larva in the development of the Ooelenterati , 
Echinoderms, Worms, Ascidians, and in Amphioxus amongst Verte- 
brates, but also on the ground of the great agreement in the later 
developmental stages of the larvae of Ascidians and Amphioxus 
and in the mode of origin of equivalent organs in the embryos 
of Worms, Insects, and Vertebrata, protested against the hitherto 
universally received view implied in Cuviers conception of types, 
that the organs of different types could not be homologous with one 
another. 

* Thomas Huxley, “ On the Anatomy and Affinities of the family of Medusas.* 
Philosophical Transactions. London, 1849. 

t Cf. A. Kowalewski’s various papers in the “ Memoires de l’Acad. de Peters- 
bourg,” on Ctenophora, Phoronis, Holothurians, Ascidians, and Amphioxus, 1866 
and 1867. 
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Inasmuch as Kowalewski,* from the results of his embryologieal 
work, drew the conclusion that the nervous layer and embryonic skin 
of Insects and Vertebrates are homologous, and that the germinal 
layers of Ampliioxus and Vertebrates correspond with those of 
Molluscs (Tunieata) or worms, he was in agreement with the long 
recognised fact that anatomical transitional forms and intermediate 
links between the different groups or types of animals exist, and that 
these latter do not represent absolutely isolated planes of organization, 
but the highest divisions in the system, and he only gave in reality 
an embryologieal expression to the claims of the descent theory. In 
fact, the conclusion which Kowalewski reached was completely 
correct — viz., that the homologies of the germinal layers in the 
different types afford a scientific basis for comparative anatomy and 
embryology, and mu>t be recognised as the starting-point for the 
proper understanding of the relationships of the types. For this 
position we find amongst the vortebrata proofs at every stop. 

But while his own comprehensive embryologieal experiences inspired 
Kowalewski, the founder of the theory of the germinal layers, with a 
prudent reserve, other investigators, inclined to hold generalization, 
appeared at once with ready theories, in which the results of embryo- 
logical investigations were interpreted in accordance with the theory 
of descent. Among these E. Haeckel’s gastima theory is especially 
prominent, which raises no less a claim u than to substitute, in the 
place of the classification hitherto received, a new system based on 
phylogeny, of w hich the main principle is homology of the germinal 
layers and of the arclienteron, and secondarily on the differentiation 
of the axes (bilateral and radial symmetry) and of the coelom.” 
E. Haeckel 1 designated the larval form used as the point of depar- 
ture the Gastrula , and believed to have found in it the repetition 
in embryonic development of a common primitive form, to which the 
origin of all Metazoa may be traced back. To this hypothetical 
prototype, which is supposed to have lived in very early times during 
the Laurentian period, he gave the name of Gastra j a , and called the 
ancient group, supposed to he widely scattered and to consist of 
many families and genera, by the name Gastrwadai. Fi-om this sup- 
position was deduced the complete homology of the outer and inner 

* A. Kowalewski, “Embryologiscke Studien an WlirmernuncI Arthropodcn. ” 
Petersburg, 1871, p. 58-60. 

j- E. Haeckel, “ Gast^aiatheo^ie, ,, Jen. nat. Zeitschrift, 1874.’* For criticism 
see C. Claus, “Die Typenlelire und Haeckel’s sogenannte Gastraeathcoric,” 
Vienna, 1871. 
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germinal layers throughout the whole Metazoa ; the one being traced 
b ick to the ectoderm and the other to the endodorm of the hypothe- 
tical Gastrsea ; while for the middle layer, which it, only secondarily 
developed from one or both of the primary layers, only an incomplete 
homology was claimed. It cannot, however, be said th.it this theoi y, 
which is essentially an extension of the Baer-Itemak theory of the 
germinal layers from the Vertebra ta to the whole group of Metazoa, 
with its pretentious and hasty speculation has cieated a basis for 
comparative embryology ; such a basis can only be obtained as the 
result of comprehensive investigations. 


DIRECT DEVELOPMENT AND METAMORPHOSIS. 


The more complete the agreement between the just born young and 
the adult sexual animal, so much the greater, especially in the higher 
animals, will be the du- a b c 


ration of the embryonic 
development and the 
more complicated the 
developmental processes 
of the embryo. The 
post-embryonic develop- 
ment will, in this case, 
be confined to simple 
piocesses of growth and 
peifection ol the sexual 
organs. When, how T - 
evei , embryonic life has, 
lelatively to the height 
of the organization, a 
quick and simple course ; 



Fig 111 —Larval stages of tlie Frog (alter Me hot) 


when in other words ombno some time bei ore liAtdung, with wait like gill 

. ’ . . 9 papilla? on the visceial arches b t Laiva Home time 

tile embryo IS born in after hatching, with extei nal bi.mcliicC c. Older luva, 

an immature condition wall lioiny beak and small bmn.hml cU.lt* bouintli 

the mtcgumoTitary operculum, ith internal branchi.c , 
and at a relatively low JV, nasal pit; 8, suckei , K, bianchuc, A, eye, Uz, 

stage of organization, horDy teeth * 

the post -embryonic development will be moie complicated, and 


the young animal, in addition to its increase in size, will present 
various processes of transformation and change of form. In such 
cases, the just hatched young, as opposed to the adult animal, is 
called a Larva , and develops gradually to the form of the adult 
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sexual animal. The development of larvse, however, is by no means 
direct and uniform, but is complicated by the necessity for special 
contrivances to enable them to procure food and bo protect them- 
selves ; sometimes taking place in an entirely different medium, 
under different conditions of life. This kind of post-embryonic 
development is known as metamorphosis. 

Well-known examples of metamorphosis are afforded by the deve- 
lopmental histories of the Insecta and Amphibia. From the eggs 
of Frogs and Toads proceed larvse provided with tails, but without 
limbs, the so-called Tadpoles (fig 111). These, with their laterally 
compressed tails and their gills, remind one of fishes, and they possess 
organs of attachment in the form of two small cervical suckers by 
which they can anchor themselves to plants. The mouth is provided 
with horny plates ; the spirally coiled intestine is surprisingly long ; 
the heart is simple; and the vascular arches have the piscine relations. 
Later, as development proceeds, the external bronchia) abort, and are 
replaced by new branchiae covered by folds of the integument, the 
caudal fin is enlarged, and the fore and hind limbs sprout out ; the 
fore limbs remain for some time covered by the integument, and only 
subsequently break through it to appear on the surface. Meanwhile 
the lungs have developed as appendages of the anterior part of the 
alimentary canal, and supplant the gills as respiratory organs, a 
double circulation is developed, and the horny beak is cast off. 
Finally the tail gradually shrinks and atrophies ; on the completion 
of which the metamorphosis of the aquatic tadpole into the frog or 
toad suited for life on land is accomplished (fig. 1 12). 

We have then to consider two kinds of development, viz., develop- 
ment with a metamorphosis and direct development, which in extreme 
cases are distinctly opposed to each other, but are connected by inter- 
mediate methods. The size of the egg, or, in other words, the amount 
of food yolk available for the use of the embryo in proportion to the 
size of the adult animal appears to be a factor of primary importance 
in any explanation of these two distinct processes (li. Leuckart). 
Animals with a direct development require — generally in pro- 
portion to the height of their organization and the size of their 
bodies — that their eggs should be provided with a rich endowment 
of food yolk, or that the developing embryo should possess a special 
accessory source of nutriment ; they arise therefore either from 
relatively large eggs (Birds), or they are developed inside, and in 
close connection with the maternal body, by which arrangement 
they have a continual supply of food material (Mammals). Animals, 
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on the contrary, which pa&s through a metamorphosis always arise 
from eggs of relatively small size, are hatched in an immature con- 
dition as larvae, and obtain independently, by their own activity, the 
materials which have been withheld from them while in the egg, 
but which are necessary for their full development. The number 
of embryos produced in the case of a direct development is, in 
proportion to the total weight of the material applied by the mother 
for reproductive purposes, far smaller than in the case of a develop- 
ment with metamorphosis. The fertility of animals whose young 



Fig 112 — Lator stagos m the development of Felnbates fuscus a, lnrva without limbs 
with well developed tail, b , older larva with hind limbs , c, laiva with two pairs ot limbs , 
d, young frog with caudal stump , e, young frog alter complete atrophy of tail 


undergo a metamorphosis, or, in other words, the number of offspring 
produced from a given mass of formative material, is increased to 
an extraordinary degree, and has, in the complicated relations of 
organic life, a great physiological significance, though systematically 
it is of little importance. 

Some time ago it was attempted to explain these indirect meta- 
morphoses, in which both processes of reduction and new development 
take place, as the result of the necessity which the simply organized 
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larva, hatched at an early stage of development, laboured under of 
acquiring special arrangements for its protection and nourishment 
(R. Leuckart). The proof that such relations do exist between 
the special larval organs and the peculiar methods of nutrition and 
protection is an important factor for the full understanding of these 
remarkable processes, but still is by no means an explanation of them. 
It is only by aid of the Darwinian principles and the theory of 
descent that we can get nearer to an explanation. According to 
this theory, the form and structure of larva are to be considered in 
relation to the development of the race, i.e. phylogeny, and are to be 
derived from the various phases of structure through which the 
latter has passed in its evolution, and in such a way that the younger 
larval stages would correspond to the primitive, and the older, on 
the other hand, to the more advanced and more highly organized 
animals, which have appeared later in the history of the race. 3n 
this sense the developmental processes of the individual constitute a 
more or less complete recapitulation of the developmental history of 
the species, complicated, however, by secondary variations due to 
adaptation, which have been acquired in the stiuggle for existence* 
(Fritz Muller’s fundamental principle, called by Ilaeckel the funda- 
mental law of biogenesis). 

The greater the number of stages, therefore, through which the 
larva passes, the more completely is the ancestral history of the 
species preserved in the developmental history of the individual ; 
and it is the more truly preserved the fewer the peculiarities of 
the larva, whether independently acquired, or shifted back from 
the later to the earlier periods of life (Copopoda.) On the other 
hand, there are certain larval forms without any phylogenetic 
meaning which are to be explained as having been secondarily 
acquired by adaptation (many Insect larvae). 

The historical record preserved in the developmental history 
becomes, however, gradually defaced by simplification and shortening 
of the free development; for the successive phases of development 
are gradually more and more shifted back in the life of the 
embryo, and run their course more rapidly and in an abbreviated 
form, under the protection of the egg membranes, and at the cost 
of a rich supply of nutrient material (yolk, albumen, placenta). In 
animals with a direct development, therefore, the complicated deve- 
lopment within the egg membranes is a compressed and simplified 


Fritz Miiller, “ Fur Darwin,” Leipzig, 1863, p. 75—81. 
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metamorphosis, and hence the direct development, as opposed to 
the metamorphosis, is a secondary form of development. 

ALTERNATION OF GENERATIONS, POLYMORPHISM AND nETEROGAMY. 

Both in direct development and indirect development by means 
of a metamorphosis, the successive stages take place in the life- 
history of the same individual. There are, however, instances of 
free development, in which the individual only passes through a 
part of the developmental changes, while the offspring produced by 
it accomplishes the remaining part. In this case the life-history 
of the species is represented by two or more generations of indivi- 
duals, which possess different forms and organization, exist under 
different conditions of life, and reproduce in different ways. 

Such a manner of development is known as alternation of genera- 
tions (metagenesis), and consists of the regular alternation of a 
sexually differentiated generation with one or more generations 
reproducing asexually. This phenomenon was first discovered by 
the poet (Jhamisso* in the Sal pi die ; but the observation remained 
for more than twenty years unnoticed. It was rediscovered by 
J. Steenstrup, t and discussed in the reproduction of a series of animals 
(Medusa*, Trematoda) as a law of development. The essence of the 
process consists in this, that the sexual animals produce offspring, 
which through their wdiole life remain different from their parents, 
but can give rise by an asexual process of reproduction to a gener- 
ation of animals which resemble in their organization and habits 
of life the sexual form, or again produce themselves asexually, their 
offspring assuming the characters of the original sexual animal. 
So that in the last case the life of the specie- is composed of three 
different generations proceeding from one another, viz., sexual 
form, first asexual form, and second asexual form. The development 
of the two, three, or more generations may be direct, or may take 
place by a more or less complicated metamorphosis j similaily the 
asexual and the sexual generations sometimes differ but little fiom 
each other (e.g. Salpa), and sometimes present relations analogous 
to those which exist between a larva and the adult animal (e.y. 

* Adalbert de Chamisso, De animalibus quibusdam e classc vermium 
Linnaeana in circumnavigations) teirae auspicante cornitc N. Itomauzoff ducc 
Ottone dc Kotzebue annis 1815, 181G, 1817, 1818 pcracta.” Fasc. I. He salpa 
Berolini 1819. 

t Joh. Jap. 8m. Steenstrup, “ Ueber den Generationswechsel, etc, ubersetzt 
von C. H. Lorenzen. Kopenbagen, 1842. 
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Medusa*). Accordingly we have to distinguish different forms of 
alternations of generations, which have genetically a different origin 
and explanation. 

The latter form of alternations of generations resembles metamor- 
phosis; and we have in most cases to explain it as having arisen 
in the following way : — The asexual form cori esponds to a lower 
stage in the phylogenetic history, from which it has inherited the 
capacity of asexual reproduction, while the sexual reproduction belongs 
entirely to the higher form. To take as an example the alternation 
of generations of the Scyphomedusye. The animal is hatched as a 
free-swimmrng ciliated pL inula (gastrula with closed blastopore) (fig. 
113 a ). After a certain time it fixes itself by the pole of its body, 


d 



Fig 113. — Development of the planula of Chrysaorn to the Sophist >mi stage, with eight 
arras a, Two l«>ererl planula uith a mirrow gastnc ca\ify 6, tho same after its 
attachment with ju&t-tormed mouth (O), awl commencing tentacles, r, ioui-aimod Sty- 
phistoma poljp , C »k, excreted cuticular skeleton , d, eight armed bcyphistomo poljp 
with wide mouth, Jf, longitudinal muscles of the gastric ridges, Csk, excreted cuticular 
skeleton. 

which is directed forward in swimming, and acquires at its free ex- 
tremity a new mouth, round which 1, 2, 4, 8, and finally 16 long 
tentacles soon make their appearance ; while the broad oral region 
projects as a contractile cone (fig. 113 b, c, d). Inside the gastric 
cavity there project four gastric ridges with longitudinal muscular 
bands extending from the foot or point of attachment to the base of 
the oral cone. When the polyp, which has now become a Scyphis- 
toma, has under favourable conditions of nutrition readied a certain 
size (about 2 to 4 mm.), ring-like constrictions are formed at the 




SCYPHISTOMA, strobila, ephyra. 
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anterior part of tlie body, giving rise to a series of segment-like 
divisions. The anterior pirt of the body bearing the tentacles is 
first marked off; and following this a greater or less number of 
sections, the new segments appearing continuously in the direction 
from before backward. The Inn dei most or basal swollen club-shaped 
end of the polyp’s body remains undivided. The Scyphistoma has 



Pig 113 — Stage of Scyplnstomft ith sixteen arms (slightly magnified) , Gw gastric ndges 
f t Commencing stabilization 


now become the Strobih , which itself passes through various 
developmental phases. The tentacles abort , the successive segment , 
separated from each other by constrictions and piovi e wi 
like continuations and marginal bodies, become transformed in o 
small flat discs, which become separate, and, as Ephyra, represe 
larvae of the Scyphomedusae (fig. 113 b-h). 
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In the other cases in which the sexual and asexual forms mor- 
phologically resemble each other, as in Salpa, the origin of the 
alternation of generations may, as in the case of the origin of the 
dioecious from the hermaphrodite state, be traced back to the ten- 
dency towards the establishment of a division of labour acting upon 
an animal which possessed the capacity of sexual and asexual repro- 
duction. It was advantageous for the formation of the regular chain 
of buds (stolo prolifer) that the power of sexual reproduction should 

be suppressed, and that the 
generative organs should be- 
come rudimentary and finally 
vanish in the budding indivi- 
duals ; while, on the other 
hand, in the individuals 
united in the chain, the gene- 
rative organs were eaily de- 
veloped, and the stolo prolifer 
was aborted and completely 
vanished. 

Special forms of altei nation 
of generations may be dis- 
tinguished in which colonies 
are formed as the result of 
the asexual reproduction by 
budding from a single animal, 
the buds remaining attached 
and developing into individuals 
which differ considerably in 
structure and appearance, and 
each of w r hich performs special 
functions in maintaining the 
colony (nutritive, protective, 
sexual, etc.) Such a form of 
alternation of generations is 
known as polymorphism ,* and reaches a great complication in the 
polymorphous colonies of the Siphonophora. 

A form of reproduction which closely resembles metagenesis, but 
which genetically has quite a different explanation, is the lately 



Fig- 113 — 7 , Fully developed Strobila with sepa- 
rating Epliyi a> h t Free Epliyra (of about 1 5 to 
2 mm. diameter. 


* B. Leuckart, “ Ueber den Polymorphismus der Individuen odor die 
Erscheinung der Arbeitstheilung in der Natur.” Giessen, 1851. 
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discovered process known as heterogamy. It is characterised by the 
succession of differently organized sexual generations living under 
different nutiitive conditions. 

Heterogamy, which was first discovered in certain small Nematodes 
( Jlhahdonema niyrovenosum and Leptodera ap pendiculata ) , can scaieely 
be explained otherwise than as an adaptation to changed conditions. 
For when the embi yo is developed as a parasite in conditions favour- 
able for the acquisition of nutiiment, it gives rise to a sexual fonn 
so different in size and structure from that which arises if the 



Ftct 111 -tA, Rhabdonema nigrovenosum of about 3 5 mm m length at the *tago when the 
malt, organs aie npe 0 , genital gland , 0, mouth , D, alimentary canal , A, anus 
nave nng, Drz , gland cells , Z, lbolatcd spermatozoa B, Male and female Rhabditih, 
length trom about 1 5 to 2 mm , Ov, ovary, T, testis, T , female genital opening, , 
spicula 

- .abryo leads a free existence in damp earth or dirty (i.t,, in 
conditions not so favourable for the acquisition of nut 
we should, from the diffeience in their stiucture, place the two ioim, 
in different genera. Ehabdonema nigrovenosum fiom the lungs of 
Batra chians and the f lee-living Bhabditis follow each other in a 
strictly alternating manner (fig. 11 4, A, B). Other cases of hetero 
gamy aie afforded by the Baik-lice (Chermes), and the Boot-lice 
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(Phylloxera), in that one or more (winged and apterous) female 
generations are characterised by parthenogenetic reproduction, and 
consist only of oviparous females; while the generation of females, 
which lay fertilised eggs, appears with the males only at certain 
times of the year, and can be distinguished by their small size, and 
by the reduction of their mouth parts and digestive apparatus. 

Such forms of heterogamy lead back apparently to alternations 
of generations, especially when the parthenogenetic generations 
present, in the structure of their generative apparatus, essential 
differences from the females which copulate. 

The plant-lice and gall-flies afford instances of this. The repro- 
ductive processes of these animals, on the authority of Steen- 
strup and V. Siebold, were regarded for a long time as instances of 
alternations of generations, until the view, which was supported by 
the reproductive processes of the allied bark-lice, that they came 
under the head of heterogamy, received general assent. According 
to this view, the viviparous forms of the plant-lice (Aphides) are 
merely modified females adapted for parthenogenetic reproduction, 
and their reproductive gland is nothing more than the modified 
ovary. There are also cases of heterogamy in which, in the partheno- 
genetic generations, the development of the egg commences in the 
ovary of the larva, reproduction being shifted back into larval life. 
This form of heterogamy, which resembles alternations of genera- 
tions, was shown to occur in the larva of Cecidomyia (Miastor) by 
Nic. Wagner and by O. Grimm in the larva of a species of Chiro- 
nomus, and is to be looked upon as a cise of precocious development 
of the egg in the parthenogenetic generation. The morphologically 
undeveloped larva has acquired the power of reproducing itself by 
means of its rudimentary ovary, a phenomenon which, following the 
proposal of C. E. v. Baer, has been designated Pedogenesis. 

If the reproductive gland of the Cecidomyia larva be looked upon 
as a germ-gland, and the cells contained in it as germ cells or spores, 
the reproduction of the Cecidomyia falls into the category of alterna- 
tions of generations. But the idea involved in the term “ spore ” is 
borrowed from the vegetable kingdom, and there is no reason for 
looking upon these or any other structures in the Metazoa as spores. 
The above explanation, therefore, is untenable. The reproductive 
cells in the Metazoa, which have been regarded in this light, have 
much more probably originated from masses of cells which represent 
the rudiment of the ovary, and which are usually visible in early 
stages of development. 
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Further it cannot be doubted that the development of the 
Distomese, which has hitherto been regarded as a case of alternation 
of generations really represents a form of heterogamy allied to 
psedogenesis. After the completion of the segmentation and em- 
bryonic development, the ciliated embryos (fig 115, a, b ) pass from 
the egg into the water, where they swim about, and eventually make 
their way into the body of a Snail, in which they give rise to sac-like 
or branched Sporocysts (fig 115, c) or to Rediae provided with an 
alimentary canal (fig. 115, d ). 

These stages in the development of Distomum which are apparently 



Fig 115 — Developmental history of Distomum (in part after R Leuckart) a, Free 
Bwimming ciliated embryo of the liver fluke — b, the samo contracted, with rudiment of 
alimentary canal B, and aggregations of colls, Op, rudiment of gem til gland, Ex, 
ciliated apparatus of the excretory system — c, Sporocyst, which has proceeded from a 
Distomum embryo, filled with Cercariae C , B, spine of a Cercana — i, Redia with pharynx 
JPh , alimentary canal, T> , Ex , excretory organs , C, contained Cercarite — e, free Cercai la, 
8, sucker , D, gut 


comparable to larvae, produce by means of the so-called germ granules 
or spores a generation of offspring known as Cercarise (fig. 115, e), 
which become fiee, and then make their way into the body of a new 
host, and, after the loss of the oral spine and caudal appendage, encyst 
(fig 115 f ). Hence they are carried into the body of the permanent 
host to develop into the sexual adult form. 


9 
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It is, however, extremely probable that the masses of cells 
from which the Oercarise arise represent the rudiments of ovaries, 
the elements of which develop parthenogenetically without the 
addition of spermatozoa. The so-called germ sacs (Sporocysts or 
Rediae) would in this case be larvae, which possess the power of 
reproduction; and the development of the Distomete would come 
under the head of lieterogamy. The Cercarhe, however, represent a 
second and more advanced larval phase. Provided with a motile 
tail, frequently with eyes and buccal spine, tlieir organization, save 
in the absence of developed generative organs, presents great simi- 
larities to the sexually mature adults into which they develop. 

This development, however, takes place 
only in the body of another and usually 
more highly organized host after the 
loss of the larval organs. 

If the conception of a spore as an 
asexual reproductive product be main- 
tained, it becomes impossible in practice 
to draw a sharp line between alterna- 
tion of generations and heterogamy ; 
since there is no test which enables us 
to distinguish between a spore and an 
ovum which develops parthenogeneti- 
cally. On the other hand, if we inter- 
pret, as we are justified in doing, the 
so-called spores as precociously developed 
ova, alternation of generations and 
heterogamy can be clearly distinguished 
from one another, since in the former 
one generation is asexual, and in- 
creases entirely by budding and 
division ; while in the latter both 
generations are sexual, though in one 
of them the ova may possess the power 

of spontaneous development. 

An essential characteristic both of heterogamy and alternation 
of generations depends upon the different form of the individuals 
appealing in the generations which usually occur in a regularly 
alternating manner in the life-history of the species. But there 
are cases in which two methods of reproduction may follow each 
other in the life-history of one individual. This form of the 


/ 



Fig. 115. Young Distomum 
(after La V alette) £x, mam trunk 
of excretory system ; Ep t excre- 
tory pore ; O, moutli opening 
with sucker ; 8, sucker on middle 
of ventral surface , P, pharynx ; 
D, limb of alimentary canal. 
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reproductive process is of the greatest interest as throwing light 
upon the way in which the phenomena of alternation of generations 
and heterogamy may have arisen in that it appears in a certain degree 
as the precursor of the alternating sequence of two or more genera- 
tions of individuals. The so-called alternation of generations in the 
stone-corals (Blastotrochus), which in early life reproduce themselves 
by budding, without thereby losing the power of acquiring sexual 
organs at a later period of life, forms an example of this method of 
reproduction. 

In this category of incomplete heterogamy should be placed the 
reproductive processes of the Phyllopoda and Rotifera, in which the 
female produces summer eggs capable of parthenogenetic develop- 
ment, and later winter eggs requiring fertilization ( Daphnidce ). 

[In the above account the term alternation of generations, or 
metagenesis is applied to those cases in which sexual and asexual 
generations alternate ; while heterogamy is applied to those cases 
in which two sexual generations or a sexual and parthenogenetic 
genera tion alternate. ] 


, CHAPTER IV. 

HISTORICAL REVIEW.* 

The origin of Zoology extends far back into antiquity. Aristotle 
(4th century B.c.), who scientifically and in a philosophic spirit 
worked up the experiences of his predecessors with his own extended 
observations, must be looked upon as the founder of this science. 
The most important of his zoological workst treat of the u Repro- 
duction of Animals,” of the “ Parts of Animals,” and of the “ History 
of Animals.” The last and most important work is, unfortunately, 
only incompletely preserved. 

We must not expect to find in Aristotle a descriptive zoologist, 
nor in his works a system of animals followed out into the smallest 

* Victor Cams, “ Geschichto dcr Zoologie.” Miinchen, 1872. 
f Compare Jurgen Bona Meyer’s *■ Aristoteles’ Thierkunde ” (Berlin, 1855). 
— Frantzius, “ Aristoteleb’ Theile der Thiere ” (Leipzig. 1853). — Aubert und 
Wimmcr, “ Aristoteles’ Flint Biioher von der Zeugung und Entwicklung der 
Thiere, iibersetzt und erlautert ” (Leipzig. 1880). — Aubert und Wimmer, 
44 Aristoteles’ Thierkunde.” Band I. und II. (Leipzig, 1868). 
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details; a one-sided treatment of science was not the object of this 
great thinker. 

Aristotle contemplated animals as living organisms in all their 
relations to the external world, according to their development, 
structure, and vital phenomena, and he created a comparative Zoology, 
which in several respects constitutes the basis of our science. The 
distinction of animals into animals with blood (evatfia) and animals 
without blood (arai/m), which he in no wise used as a strictly 
systematic conception, certainly depends, according to the meaning 
of the word, upon an error, since all animals possess blood; and the 
red colour can by no means be taken, as Aristotle believed, to be a 
test of the presence of blood ; but as the possession of a bony verte- 
bral column was put forward as a character of the animals provided 
with blood, the two groups established by this distinction coincided 
in their limits with the two great divisions of Vertebrates and 
Invertebrates. 

The eight animal groups of Aristotle are the following : — 

Animals with blood , Vertebrates — 

(1) Viviparous animals (four-footed, fwoTOKowra cr carrots), with 
which as a special yeros was placed the whale. 

(2) Birds (opvi0cs). 

(3) Oviparous four-footed animals (rerpaTroSa rj a7roSa <ootokovvt(l). 

(4) Fishes (l^Ove s). 

Animals without blood, Invertebrates — 

(5) Soft animals (/xaAa/aa, Cephalopoda). 

(6) Soft animals with shells (fjLaXaKooTpaKa). 

(7) Insects (Ij/ro/xa). 

(8) Shelled animals (oorTpa/coScp/xaTa, Echini, Snails, and Mussels). 

After Aristotle, antiquity only possesses one zoological writer of 

note — Pliny the elder — to point to. He lived in the first century, 
and, as is well-known, was killed in the great Eruption of Vesuvius 
(79), while captain of the fleet. The natural history of Pliny deals 
with the whole of nature, from the stars to animals, plants, and 
minerals ; it is, however, of no scientific value as an original work, 
but is merely a compilation of facts collected from known sources, 
and is not by any means implicitly to be trusted. Pliny borrowed 
to a large extent from Aristotle, often understood him falsely, and 
also accepted here and there as facts fable , which had been rejected 
by Aristotle. Without setting up a system of his own, he divided 
animals according to the medium in which they lived — into Land- 
animals (Terrestria), Aquatic-animals (Aquatica), and Flying- 
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animals (Volatilia), — a division which was accepted till G-essner’s 
time. 

With the decline of the sciences, natural history also fell into 
oblivion. The mind of man, fettered by the belief in authority, felt 
in the middle ages no need for an independent contemplation of 
Nature. But the writings of Aristotle and Pliny found an asylum 
within the walls of the Christian cloisters, which preserved the 
germs of science developed in Heathendom from complete extinc- 
tion. 

In the course of the middle ages, first the Spanish bishop, Isidor 
of Seville (in the seventh century), and later Albertus Magnus 
(in the thirteenth century) wrote works on natural history ; but it 
was not until the renaissance of the sciences of the sixteenth century 
that the works of Aristotle again came to the fore, and the desire 
for independent observation and research was also roused. Works 
like those of C. Gessner, Aldrovandus, Wotton, testified to the newly 
awakening life of our science, whose scope was continually being in- 
creased by the discovery of new worlds. 

The next century, in which Harvey discovered the circulation of 
the blood, Keppler the revolution of the planets, and Newton’s law 
of gravitation formed the beginning of a new era in physics, 
was also a fruitful epoch for Zoology. Aurelio Severino wrote his 
“Zootomia democritasa ” (1645), a work which contained anatomical 
drawings of various animals, more for the use and advancement of 
human anatomy and physiology. Swammerdam in Leyden dissected 
the bodies of Insects and Molluscs, and described the metamorphosis 
of the Frog. Malpighi in Bologna and Leeuwenhoek in Delft 
applied the invention of the microscope to the examination of 
tissues and the smallest organisms (animals from infusions). The 
latter discovered the blood corpuscles, and first saw the transverse 
striations of muscular fibres. The spermatazoa also were discovered 
by a student, Hamm, and called, on account of their movements, 
sperm-animals. The Italian Redi opposed the spontaneous genera- 
tion of animals in putrefying matter, proved the origin of Maggots 
from Flies’ eggs, and supported Harvey’s famous expression, “ omne 
vivum ex ovo.” In the eighteenth century the knowledge of the 
life-history of animals was enormously enriched. Investigators such 
as Reaumur, Roselvon Rosenhof, De Geer, Bonnet, J. Chr. Schaeffer, 
Lederm filler, etc., discovered the metamorphosis and life-history of 
Insects and native aquatic animals, while at the same time, by 
expeditions into foreign lands, a great number of animals from other 
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continents became known. In consequence of these extended obser- 
vations and a continually growing eagerness to collect curiosities from 
foreign countries, the zoological material increased so largely that, 
in the absence of precise distinctions, nomenclature and arrangement, 
the danger of error was great, and a general review of the facts 
almost impossible. Under such conditions, the appearance of the 
systematiser Carl Linnaeus (1707 — 1778) must have been of the 
greatest importance for the further development of Zoology. 

Ray, who is justly placed in the first rank of Linnaeus’ prede- 
cessors, had earlier endeavoured to acquire a basis for the systematic 
treatment, and with a certain amount of success, but he failed to 
organise a thoroughly methodical arrangement. He was the first 
to introduce the conception of “ species ” and to consider anatomical 
characters as the basis of classification. In his work, entitled 
“ Synopsis of Mammalia and Reptilia ” (1G93), he adopted Aristotle’s 
division of the animal kingdom into animals with and animals 
without blood. With regard to the first he laid the basis of the 
definitions of Linnaeus’ first four classes ; the latter he divided into 
a greater group, containing Cephalopods, Crustacea, and Testacea, 
and into a smaller containing the Insecta. 

The importance of Linmeus’ work to the development of science 
depended not on any far-reaching investigations or important dis- 
coveries, but on his acute sifting and exact division of the then exist- 
ing facts, and on the introduction of a new method of more certain 
diagnosis, nomenclature, and arrangement. 

By erecting for groups of different value a series of categories 
based on the ideas of species, genus, order, class, he obtained a means 
of creating a much more precise system of classification. On the 
other hand, by the introduction of the principle of binary nomencla- 
ture, he obtained a fixed and more certain method. Every animal 
received two names taken from the Latin language — the generic 
name, which was placed first, and the specific name, which together 
denote the fact that the animal in question belongs to a definite 
genus and species. In this way Linnaeus not only arranged the 
facts then known, but also created a systematic framework in which 
later discoveries would easily find their proper place. 

Linnaeus’s great work, the “ Systema Naturae,” which in its thirteen 
editions received many changes, embraced the animal, vegetable, and 
mineral kingdoms, and in its treatment can only be compared to an 
exhaustive catalogue, in which the contents of nature, like that 
of a library, are registered in a definite order with a statement of 
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their most remarkable characters. Every species of animal and 
plant obtained a place determined by its properties, and was with 
the specific name inserted under the genus. After the name fol- 
lowed a short Latin diagnosis, and a list of the synonyms of authors 
and statements concerning the habits of life, habitat, the native 
country, and any special characteristics. 

Linnaeus created for botany an artificial system of classification 
founded on the characters of flowers. Similarly his classification of 
animals was artificial, as it did not depend upon the distinction 
of natural groups, but took isolated features of internal and external 
structure as characters. Linmeus completed the improvements in 
Aristotle's classification which had been already begun by Lay, by 
establishing the following six classes, founded on the structure of the 
heart, the condition of the blood, the manner of reproduction and 
respiration. 

(1) Mammalia . — With red warm blood, and a heart composed of 
two auricles and two ventricles, viviparous. The following orders were 
distinguished — Primates (with the four genera Homo, Sirnia, Lemur, 
Vespertilio), Brutn, Ferre, Glires, Pecora, Bellure, Cete. 

(2) Aves. — With warm red blood, and a heart composed of two 
auricles and two ventricles, oviparous — Accipitres, Picoe, Anseres, 
Grallae, Gallinae, Passeres. 

(3) Amphibia. — With cold red blood and a heart composed of simple 
auricle and ventricle, breathing by lungs — Leptilia (Testudo, Draco, 
Lacerta, Rana), Serpen tes. 

(4) Pisces. — With cold red blood, and a heart composed of simple 
auricle and ventricle, breathing by gills — Apodcs, J ugulares, Thora- 
cici, Abdominales, Branchiostegi, Chondropterygii. 

(5) Insecta . — With white blood, simple heart, and segmented an- 
tennae — Coleoptera, Ilemiptera, Lepidoptera, Neuroptera, Hymenop- 
tera, Diptera, Aptera. 

(6) Vermes. — With white blood, simple heart, and unsegmented 
antennae — Mollusca, Intestina, Testacea, Zoophyta, Infusoria. 

While the followers of Linnsous developed still further this barren 
and one-sided zoographical treatment and erroneously looked upon 
the framework of this system as an exact and complete expression 
of the whole of nature, Cuvier, by combining Comparative Anatomy 
with Zoology, laid the foundations of a natural system. 

George Cuvier, born at Mompelgard 1762, and educated at the 
Karlsakademie at Stuttgart, later Professor of Comparative Anatomy 
at the Jardin des Plantes in Paris, published his comprehensive in- 



136 


HISTORICAL REVIEW. 


vestigations in numerous works, especially in his “ Logons d’Anatomie 
compare©” (1805). 

In his celebrated treatise * published in 1812, on the arrangement 
of animals according to their organization, he established a new 
and essentially changed classification, which was the first serious 
attempt to build up a natural system. Cuvier did not, as most 
zootomists had done, look upon anatomical discoveries and facts as 
in themselves the aim of his researches, but he contemplated them 
from a comparative point of view, which led him to the establishment 
of general principles. By considering the peculiarities in the ar- 
rangements of the organs in relation with the life and unity of the 
organism, he recognised the reciprocal dependence of the individual 
organs, and appreciating fully the idea of the “ correlation ” of parts 
already discussed by Aristotle, he developed his principle of the con- 
ditions of existence without which an animal cannot live (principe 
des conditions d' existence ou causes finales). “ The organism con- 
sists of a single and complete whole, in which single parts cannot be 
changed without causing changes in all the other parts.” By com- 
paring the organizations of many different animals, he found that the 
important organs are the most constant, and that the less important 
vary most in their form and development, and even are not univer- 
sally present. 

He was thus led to the principle so important for the systematist 
of the subordination of characters ( principe de la subordination des 
caracteres). Without being ruled by the pre-conceived idea of the 
unity of all animal organization, he became convinced, from a conside- 
ration of the differences in the nervous system and in the arrangement 
of the more important systems of organs, that there were in the 
animal kingdom four main types ( embranchements ), “ general plans 
of structure on which the respective animals appear to be modelled, 
and whose individual subdivisions, as they may be called, are only 
slight modifications based on the development or the addition of 
some parts, without the plan of the organization being thereby 
essentially changed.” 

These four groups ( embranchements Cuvier, Typen Blainville) 
were the Vertebrata, Mollusca, Articulata, and Radiata. 

The views of Cuvier, who in knowledge of anatomical and zoologi- 
cal detail stood far above all his contemporaries, were, however, in 
opposition to the theories of men of note (the so-called School of 

* “ Sur un nouveau rapprochement 4 dstablir entre les classes qui composent le 
r6gne animal.” Ann . des Museum, d'Hist . Nat., Tom XIX., 1812. 



ST. HILAIRE, OKEN, VON BAER. 


137 


Natural Philosophy). In France, jEtienne Geoffroy St. Hilaire pre- 
eminently defended the idea, which had been already expressed by 
Buffon, of the unity of the plan of animal structure, according to 
which the animal kingdom consisted of an unbroken gradation of 
animals. Convinced that nature always worked with the same 
materials, he put forward his theory of analogies, according to which 
the same parts, though differing in their form and the degree of their 
development, should be found in all animals ; and, further, his theory 
of connections ( principe des connexions ), according to which the same 
parts always appear in the same mutual position. A third fundr- 
mental principle was that of the equivalence of organs, an increase in 
the size of one organ being accompanied by the diminution of another 
organ. The application of this principle had important results, and 
led to the scientific foundation of Teratology. His generalizations 
were, however, in the main hasty, in that they were founded on 
facts taken only from the Vertebrates ; and if applied outside that 
group must lead to many rash conclusions, e.g., that Insects are 
Vertebrates turned on fco their backs. 

In Germany, Goethe and the natural philosophers Oken and 
Schelling pronounced in favour of the unity of animal organization, 
but it must be confessed without taking account in a comprehensive 
manner of the actual facts. 

The result of this controversy which in France was carried on 
with considerable vehemence was, that Cuvier’s view was victorious, 
and his principles met with the more undivided assent since it 
appeared that they were confirmed by C. E. v. Baer’s embryological 
work. Many gaps and errors were certainly discovered by later 
investigators in Cuvier’s classification, and in detail it was much 
changed, but the establishment of his animal types as the chief 
groups of the system was retained, and was supported by the 
results of the developing Science of Embryology. 

The most essential of the modifications which it has become neces- 
sary to make in Cuvier’s system relate chiefly to the increase in the 
number of types. The Infusoria were some time ago removed from 
the Badiata, and as Protozoa arranged by the side of the four other 
groups. Lately the number of groups has been increased by the 
division of the Badiata into Coelenterata and Echinodermata, and of 
the Articulata into Arthropoda and Vermes, and of the Mollusca 
into three groups. 

In our times, however, Cuvier’s view has experienced an essential 
modification in favour of the Natural Philosophers, and the idea of 
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the absolute independence and isolation of each group must be given 
up. With a more complete study it has been shown that inter- 
mediate forms exist connecting the various types, and that conse- 
quently no sharp line of demarcation can be drawn between them. 
But just as the transitional forms between animals and plants cannot 
abolish the distinction between these two most important conceptions 
of the organic kingdom, so the existence of such transitional forms 
does not in any way affect the value of the idea of groups and types 
as the chief divisions of the animal system, but only renders it 
probable that the different groups have developed from a similar or 
common starting-point. 

And to this corresponds the fact, which has become recognised 
with the progress of embryological knowledge, that similar larval 
stages and tissue-layers (germinal layers) are found in the develop- 
mental history of the different types. This fact points to a genetic 
connection. 

Likewise the results of anatomical and embryological comparison 
have rendered it probable that the types are by no means absolutely 
independent, but are subordinated to one another in more or less 
close relation, that especially the higher groups are genetically to be 
derived from the Worms, a group which certainly includes extremely 
dissimilar forms, and eventually will, without doubt, be broken up 
into several types. We consider it, under such circumstances, con- 
venient, in the present state of science, to distinguish nine types as 
the chief divisions, and to characterise them in the following 
manner : — 

(1) Protozoa . — Of small size, with differentiations within the sar- 
code, without cellular organs, with predominating asexual repro- 
duction. 

(2) CceUnterata. — Radiate animals segmented in terms of 2, 4, or 
6 ; mesoderm of connective tissue, often gelatinous ; and a central 
body cavity common to digestion and circulation (gastro- vascular 
space). 

(3) Echinodermata. — Radiating animals, for the most part of pen- 
tamerous arrangement ; with calcareous dermal skeleton, often bear- 
ing spiiles ; with separate alimentary and vascular systems ; and with 
nervous system and ambulacral feet. 

(4) Vermes. — Bilateral animals with unsegmented or uniformly 
(homonomous) segmented body, without jointed appendages (limbs), 
with paired excretory canals sometimes called water- vascular system. 

(5) Arthropoda . — Bilateral animals with heteronomously segmented 
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bodies and jointed appendages, with brain and ventral chain of 
ganglia. 

(6) Molluscoidea. — Bilateral, unsegmented animals with ciliated 
circlet of tentacles or spirally rolled buccal arms ; either polyp-like 
and provided with a hard shell case, or mussel-like with a bivalve 
shell, the valves being anterior and posterior; with one or more 
ganglia connected together by a pericesophageal ring. 

(7) Mollusca . Bilateral animals with soft, unsegmented body, 
without a skeleton serving for purposes of locomotion ; usually 
enclosed in a single or bivalve shell, which is excreted by a fold of 
the skin (mantle) ; with brain, pedal-ganglion and mantle-ganglion. 

(8) Tnnicata . — Bilateral unsegmented animals with sac-shaped or 
barrel-shaped bodies, and a large mantle cavity perforated by two 
openings ; simple nervous ganglion, heart and gills. 

(9) Vertebrnta . — Bilateral animals with an internal cartilaginous or 
osseous segmented skeleton (vertebral column), which gives off dorsal 
processes (the neural arches) to surround a cavity for the reception 
of the spinal cord and brain ; and ventral processes (the ribs) which 
bound a cavity for the reception of the vegetative organs ; never with 
more than two pairs of limbs. 


CHAPTER V. 

MEANING OF THE SYSTEM. 

Very different opinions have been held in different places and at 
different times as to the value of the system. In the last century 
the French Zoologist Buffon held the system to be a pure invention 
of the human mind ; while more recently E. Agassiz thought that a 
real meaning could be attributed to all the divisions of the system. 
He explained the natural system founded on relationship of organiza- 
tion as a translation of the thoughts of the Creator into human 
language, by the investigation of which we become unconsciously 
interpreters of his ideas. 

But it is clear that we cannot call that arrangement, which is 
derived from the relations of organization founded in nature, an 
invention of man. Similarly it is preposterous to deny the sub- 
jective participation of our intellectual activity, since in 'every system 
there is expressed a relation of the facts of nature to our comprehen- 
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sion and to the state of scientific knowledge. In this sense Goethe 
appropriately calls a natural system a contradictory expression. 

In establishing systems, that which comes into contemplation 
consists of the individual forms which are the objects of observation. 
Every systematic conception, from that of the species to that of the 
type, depends upon the bringing together of similiar properties, and 
is an abstraction of the human mind. 

Species. — The great majority of investigators, till veiy recently, 
were agreed in looking upon the species as an independently created 
unit with special properties which were retained in propagation, and 
were really contented with the fundamental idea in Linnaeus' defini- 
tion of species: Tot uumeramus sp>ecies quot ah initio creavit in- 
finitum ens.” This view also accorded with a dogma prevalent in 
Geology, according to which the flora and fauna of the successive 
periods of the earth’s history were completely isolated, being created 
afresh at the beginning and destroyed by a vast catastrophe at the 
end of each period. It was supposed that no living thing could be 
preserved through one of these catastrophes from one period into the 
next ; that every species of animal and plant was specially created 
with definite characters, which it retained unchanged until it was 
destroyed. ThL idea was confirmed by the difference between the 
fossil remains of Vertebrates (Cuvier) and Molluscs (Lamarck), and 
the living forms of these types. 

As a matter of fact, however, neither in the animal nor in the 
vegetable kingdom do offspring resemble exactly the parent forms 
from which they have originated, but present differences more or 
less considerable, so that the idea of absolute i dentil y must be 
removed from our definition of species, and agreement in the most 
essential particulars introduced in its place. The species would ac- 
cordingly, in close agreement with Cuvier’s definition, include all 
living forms which have the most essential properties in common , are 
descended from one another , and produce fruitful descendants. 

All the facts of natural life, however, can by no means be arranged 
agreeably to this conception, which has for a fundamental principle 
that all essential peculiarities must be preserved unaltered by repro- 
duction through all time. The great difficulties in defining species 
which occur in practice, and which prevent a sharp line being 
drawn between species and variety, indicate the insufficiency of 
the conception. 

Varieties. — Individuals belonging to the same species do not 
resemble each other in all particulars, but present differences which, 
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on closer investigation, suffice to distinguish the individual forms. 
Combinations of modified characters are often present in the same 
species, and occasion important variations (varieties) which can be 
inherited by the descendants. The more important of such variations 
which are maintained by reproduction are called constant varieties or 
subspecies y or races , and are divided into natural races and artificial 
or domesticated races . 

The former are found in free natural life, and are usually confined 
to definite localities. They have arisen in course of time in conse- 
quence of conditions of climate, and under the influence of variations 
in manner of life and nourishment. The domesticated races, on the 
other hand, owe their origin to the care and cultivation of man. 
They comprise only domestic animals whose origin is still unknown. 

Varieties, however, which have arisen from one species may differ 
very surprisingly from one another ; in fact, they may present 
more important features of difference than do distinct natural 
species. An example of this is found in the domesticated race of 
pigeons, whose common descent from Columba livia (the rock 
pigeon) was shown by Darwin to be very probable. They are 
capable of such striking alterations, that their varieties, known as 
tumbler pigeons, fantail pigeons, etc., were held by ornithologists, 
who were without knowledge of their origin, to be real species, and 
were even divided into different genera. 

In the natural state, too, it often happens that varieties cannot 
be distinguished from species by the quality of their characteristics. 
It is customary to consider that the essential of a character is to be 
found in the constancy of its occurrence, and to recognise varieties 
by the fact that their characteristics are more variable than thoe 
of species. If forms which are widely different can be connected 
by a continuous series of intermediate forms, they are held to be 
varieties of the same species. But if such intermediate forms are 
absent, they are held to be distinct species, even when the differences 
between them (so long as they are constant) are less. 

Under such circumstances we can understand that in the absence 
of a positive test, the individual judgment and the natural tact 
of the observer decides between species and variety ; * and how it 
is that the opinions of different observers have differed so widely in 

♦ The establishment of the conception of sub-species is completely at variance 
with the common conception of species, and is the most striking proof that 
systematists themselves recognize that the distinction between species and 
sub-species is a relative one. 
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practice. This relation has been excellently and thoroughly discussed 
by Darwin and Hooker. As an example of the difference of opinion 
on this subject, Nageli * divided the Hieracice found in Germany 
into three hundred species, Fries into one hundred and six, Koch 
into fifty-two, while other authors recognise hardly more than twenty. 
Nageli indeed says, “ There is no genus of more than four species on 
which all botanists are agreed, and many examples may be cited 
in which, since Linnaeus’ time, the same species have been repeatedly 
divided up and re-united.” 

We are therefore driven, in order to determine the essential pro- 
perty distinguishing species and variety, to consider the most impor- 
tant characteristic for the conception of species, — a characteristic 
which has hardly ever been used in practice, i.e ., the community of 
descent and the capacity for fruitful interbreeding. This means of 
determination, however, is also insufficient. 

It is a commonly known fact that animals which belong to different 
species pair with one another and produce hybrids, e.g., horse and 
ass, wolf and dog, fox and dog. Widely differing species, which are 
placed in different genera, have even been known to cross with one 
another, and to produce progeny, such as the h e-goat and sheep, and 
the she-goat and ibex. The hybrids however are, as a rule, sterile. 
They are intermediate forms with imperfect generative system, with- 
out the power of propagation ; and even in those cases where there 
is a power of reproduction (such cases are most frequently met with 
amongst female hybrids), there is a tendency to revert to the 
paternal or maternal species. 

There are, however, exceptions to the sterility of the hybrid which 
appear to afford weighty proof against immutability of species. The 
experiments in breeding between the hare and rabbit, made on a 
large scale in Angouleme by Roux, have shown that their progeny, 
the hare-rabbit, is perfectly fertile. Half-bred hybrids of the rabbit 
and hare have been bred, and have been reproductive through many 
generations of pure in-breeding. In like manner careful inquiries 
into the hybridism of plants, especially the investigations of W. 
Herbert, lead to the conclusion that many hybrids are as perfectly 
productive among themselves as genuine species. 

In a state of nature, too, hybrids of various kinds are found. 
Such hybrids have frequently been taken for independent species, 
and have been described as such ( Tetrao medius, hybrid of Tetrao 

* C. Nageli, “ Entstehung und Begriff der naturhistorischen Art.” Munich, 
1865. 
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urogallus and Tetrcto tetrix; Abramidopsis Leuckarti , Bliccopsis 
abramorutilus , and others are, according to von Siebold, hybrids.) 
Sterility of hybrids is not the rule here, for a great number of wild 
plants have been recognised as hybrid species (Kolreuter, Gartner, 
Nageli — Cirsium , C gtisus, Rvlms). This seems to render it the less 
doubtful that amongst animals which have been domesticated by 
man, persistent transitional forms can be obtained from originally 
different species, by gradual alteration brought about by cross 
breeding. 

Pallas, adopting this view, gave it as his opinion that closely allied 
species, though at first they may refuse to breed together, or may 
produce sterile offspring, will, after long domestication, produce fertile 
progeny. And in fact, it has been shown to be probable that some 
of our domestic animals have originated in prehistoric times as the 
result of the unintentional crossing of different species. Riitimeyer 
especially endeavoured to prove this mode of origin for the domestic 
ox (Bos taunts), which he regarded as a new nice resulting from the 
crossing of at least two ancestral forms (Bos prhaigenius , brachyceros). 
It may be looked upon as certain that the domestic pig and cat, and 
the numerous breeds of dogs, have originated from several wild 
species. 

In connection with the exceptional cases which have just been 
discussed, we may lay great stress upon the perfect reproductive 
capabilities of mongrels, that is, of the progeny produced by the 
crossing of different varieties of the same species ; though here also 
we meet with exceptions. Disregarding those cases in which me- 
chanical causes render the interbreeding of different varieties in- 
possible, it seems, according to the observations of breeders whose 
word may be depended upon, that certain varieties have difficulty 
in crossing with one another ; and further that certain forms which 
have been bred by selection from a common stock are altogether in- 
capable of fertile intercourse. The domestic cat introduced into 
Paraguay from Europe has, according to Rengger, become essentially 
altered in process of time, and has acquired a marked aversion to 
the European ancestral form. The European guinea pig does not 
breed with the Brazilian form, from which it is probably descended. 
The Porto-Santo rabbit, which was exported from Europe to Porte - 
Santo near Madeira in the fifteenth century, is so much altered that 
it can no longer breed with the European race of rabbits. 

The evident difficulty of precisely defining the conception of species, * 
in presence of the existence of a gradual, almost uninterrupted series 
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of animal forms, and of the results of artificial selection, had already, 
in thfe beginning of this century, induced illustrious and highly 
esteemed naturalists to dispute the dominant views on the immuta- 
bility of species. In the year 1809, Lamark, in his “ Phllosophie 
Zoologique” broached the theory of the descent of species from one 
another. He referred the gradual alterations in some degree to 
changing conditions of life, but mainly to use and disuse of organs. 

Geoffrey St. Hilaire, too, the advocate of the idea of unity of 
organization of all animals and the opponent of Cuvier, expressed 
his conviction that species had not existed unaltered from the be- 
ginning. While agreeing essentially with Lam ark’s theory of the 
origin and transmutation of species, he ascribed a less influence to 
the inherent activity of the organism, and believed that he could 
explain the alterations through the direct operation of changes in 
the environment (rtionde amhiant). 

The change in the fundamental views of Geology which took 
place at a later period must be ascribed to the opinions of these 
investigators. Lyell endeavoured (Principles of Geology) to explain 
geological alterations by means of the forces in operation at the 
present day, working gradually and without interruption through 
extended periods of time, and rejected the Cuvierian theory of 
mighty revolutions and catastrophes which destroyed all life. When 
the geologists with Lyell had given up the hypothesis of periodic 
disturbance of the course of natural events, they were obliged to 
assume the continuity of organic life during the successive periods 
of the formation of the earth, and to endeavour to account for the 
immense alterations of the organic world by slight influences operat- 
ing gradually and without interruption throughout long periods of 
time. The variability of species, the origin of new species from 
previous ancestral forms in the course of ages, has become, accord- 
ingly, since the time of Lyell, a necessary postulate of geology in 
order to explain naturally the differences of animals and plants 
in successive periods without the supposition of repeated acts of 
creation. 

THE TRANSMUTATION THEORY, OR THEORY OF DESCENT, BASED ON 
THE PRINCIPLE OF NATURAL SELECTION (DARWINISM). 

Nevertheless a more securely grounded theory based upon a firmer 
standpoint was needed in order to give more force to the Trans- 
mutation hypothesis which had remained disregarded ; and this 
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service was effected by the English naturalist, Charles Darwin, 
who employed a mass of scientific material to found a theory of the 
origin and mutation of species. This theory, which is closely con- 
nected with the views of Lamark and Geofiroy and in harmony with 
Lyell’s doctrines, has received an almost universal recognition, not 
only on account of the simplicity of its principle, but also because of 
the objective and convincing way in which his genius expounded it. 

Darwin* starts from the principle of heredity, according to 
which the characteristics of parents are transmitted to their off- 
spring. But side by side with this, there is an adaptation determined 
by the peculiar conditions of nourishment, a limited variability of 
form, without which individuals of like descent would be identical. 
While heredity tends to reproduce identical characteristics, individual 
variations appear in the descendants of the same species, and in this 
way modifications arise, which in their turn are submitted to the 
law of heredity. Cultivated plants and domestic animals, the 
individual forms of which vary far more than do those living in a 
state of nature, are especially disposed to alteration : and capability 
of domestication is in reality nothing else than the capability of an 
organism to subordinate and adapt itself to altered conditions of 
nourishment and way of life. 

The so-called artificial breeding , by which man succeeds by judicious 
choice in cultivating in plants and animals definite properties cor- 
responding to his requirements, depends on the interaction of heredity 
and individual variation ; and it is probable that the numerous races 
of domestic animals were in this way bred unconsciously by man, just 
as in our own days large numbers of new varieties are bred by judi- 
cious choice of the male and female parents. Similar processes are 
also at work in natural life, calling into existence new alterations, 
and varieties. Here also we find a selection which is occasioned by 
the struggle of organisms for existence, and may be called a natural 
selection. All plants and animals are engaged, as Decandolle and 
Lyell had asserted ten years previously, in a mutual struggle for 
existence among themselves and with external conditions. 

A plant has to fight against circumstances of climate, season, and 
soil ; and has also to compete for existence with other plants which,, 
by their superabundant increase, endanger the possibility of its 
preservation. Plants serve as food for animals, which themselves 
are engaged in a mutual struggle with each other; the carnivorous 

* Ch. Darwin, “ On the Origin of Species by means of Natural Selection,” 
London, 1859. 
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feeding very largely upon herbivorous animals. Then again, all are 
struggling to multiply in great numbers. Each organism produces 
far more descendants than can in general be preserved. With a 
definite degree of fertility, a corresponding amount of destruction 
must take place; for in the absence of the latter the number of 
individuals would so increase in geometrical progression that no 
locality would suffice for the sustenance of their progeny. If, on 
the contrary, the protection afforded by fertility, size, special organiza- 
tion, colour, etc., were removed, the species would soon vanish from 
the* earth. Amongst the complex conditions and interactions of life, 
even the most remotely connected organisms struggle with each other 
for existence (r\r/., the clover and the mice); but the most violent 
strife is waged between individuals of the same species, which seek 
the same food and are exposed to the same dangers. In this strife it 
necessarily happens that those individuals which are placed in the 
most favourable situation, through their special properties, have the 
greatest chance of maintaining themselves and of multiplying, and, 
in consequence, of reproducing the modifications useful to the species 
and of preserving them in their descendants, or even sometimes of 
increasing them. 

Just as in the breeding of domesticated animals, an artificial selec- 
tion is made by man to perpetuate and increase advantageous 
variations; so in the natural breeding of wild animals, in conse- 
quence of the struggle for existence, a selection is made by nature 
which leads to the preservation of modifications useful to the 
species. 

Since, however, the struggle for existence in closely related forms 
must be the more violent the more nearly they resemble one another, 
the most divergent types will have the greatest chance of enduring 
and of producing descendants. Hence a divergence of characters 
and an extinction of intermediate forms is the necessary consequence. 
Thus by the combination of useful properties and by the accumula- 
tion of hereditary peculiarities, which were primitively of little im- 
portance, varieties gradually arise which ever diverge more and 
more ; and this is what Darwin sought to prove by happily chosen 
examples. We can now comprehend why everything in the organism 
is directed towards one end, which is to ensure existence in the 
most perfect way. The great series of phenomena which could hitherto 
only receive a teleological explanation are thus brought into causal 
relation, and can be explained as the inevitable result of efficient 
causes, and their natural connection is thus rendered intelligible. 
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This principle of natural selection , which is the basis of the Dar- 
winian theory, rests, on the one hand, on the interaction of adaptation 
and heredity, and on the other, on the struggle for existence which 
can be shown to occur everywhere in nature. 

In its fundamental idea the natural selection theory is essentially 
an application of the doctrine of Malthus to plants and animals. 
Developed simultaneously by Dar win and Wallace,* it received from 
the former a most comprehensive scientific foundation. 

We must certainly admit that Darwin’s selection theory, although 
supported by what we know of biological processes and of the opera- 
tion of the laws of nature, is very far- from discovering the final 
causes and physical connection of the phenomena of adaptation and 
heredity, since it is unable to explain why such or such a variation 
should appear as the necessary consequence of a change in the vital 
conditions, and how it is that the manifold and wonderful phenomena 
of heredity are a function of organised matter. 

Tt is clearly a great exaggeration when enthusiastic supporters of 
the Darwinian theory t say that it ranks as equal to the gravitation 
theory of Newton, because 11 it is founded upon a single law, a 
single effective cause, namely, upon the interaction of adaptation and 
heredity.” They overlook the fact that we have here only to do 
with the proof of a mechanical and causal connection between series 
of biological phenomena, and not in the remotest degree with a 
physical explanation. Even if we are justified in connecting the 
phenomena of adaptation with the processes of nourishment, and in 
conceiving heredity as a physiological function of the organism, we 
still stand and regard these phenomena as “ the savage who sees 
a ship for the first time.” While the complicated phenomena of 
heredity J remain completely unintelligible, we are only in a position 
to explain in general terms certain modifications of organs, on 
physical grounds, by the altered conditions of metabolism. It is only 
rarely —as in the case of the operation of use and disuse — that we 
are able more directly to relate the development or the atrophy of 
organs to the increase or decrease in their nutritive activity, i.c . 9 
to give a chemico-physical explanation. 

Darwin has been unjustly reproached with having left chance to 

* Compare also A. R. Wallace, “ Contributions to the Theory of Natural 
Selection.” 

t Compare E. Haeckel, “NatUrliche Schopfungsgeschichte. 4 Auflage. 
Berlin, 1873. 

J It is clearly a misuse of the word “Law” to represent th< numerous 
partially opposed and limiting phenomena of heredity as so many “ laws of 
heredity/’ as E. Haeckel does. 
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play a considerable part in his attempt to account for the origin of 
varieties, with having accounted for everything by the struggle for 
existence, and with having given too little prominence to the direct 
influence of physical action on the mutation of forms. This 
reproach seems to arise from a misapprehension. Darwin says 
himself that the expression i( chance,” which he often uses to explain 
the presence of any small alteration , is a totally incorrect expression, 
and is only used to express our complete ignorance of the physical 
reasons for such particular variation. 

If Darwin has by a series of consideration^ arrived at the conclu- 
sion that the conditions of life, such as climate, nourishment, etc., 
exercise but a small direct influence upon variability, since, for in- 
stance, the same varieties have arisen under the most different 
conditions, and different varieties under the same conditions, and 
that the complex adaptation of organism to organism cannot be 
produced by such influences, still he recognises in the alteration of 
the vital conditions and the mode of nourishment the primary cause 
of slight modifications of structure. But it is only natural selection 
which accumulates those alterations , so that they become appreciable to 
us and constitute a variation which is evident to our senses. It is 
exactly upon the intimate connection of direct physical action with 
the consequences of natural selection that the strength of the Dar- 
winian theory rests. 

The origin of varieties and races would appear, however, to consti- 
tute only the first stage in the processes of the continual changes of 
organisms. However slowly the process of selection may work, yet 
there is no limit to the extent and magnitude of the changes, or to 
the endless combinations of reciprocal adaptations of living beings if 
we allow a very long period of time for its operation. With the 
aid of this new factor of duration of time, which, according to geo- 
logical facts, cannot be rejected, but stands to an unlimited extent at 
our service, the gap between variety and species disappears Since 
the former are continually diverging with the lapse of time — and the 
more they do so and become differentiated in their organization so 
much the better will they be fitted to fill different places in the eco- 
nomy of nature and to increase in number — they at length attain the 
value of species, which in a state of nature do not interbreed, or, at 
any rate, only exceptionally produce progeny. Thus , according to 
Darwin , a variety is a species in process of formation . Variety and 
species are connected by continuous series of transitions, and are not 
absolutely distinct from one another ; but are only relatively separated 
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by the amount of difference in their morphological and physiological 
characteristics. 

This conclusion of Darwin’s, which extends the result of natural 
selection from the production of variety to that of species, is ob- 
stinately and often bitterly opposed by those who subordinate the 
phenomena of nature to traditional ideas. 

Even if they do not deny the facts of variability, and even admit 
the influence of natural selection on the formation of natural varieties, 
they yet continue true to the belief that there is an absolute separa- 
tion between species and race-variety. As a matter of fact, however, 
we are not in a position to draw such a line of separation. Neither 
the quality of the distinctive characteristics nor the results of cross- 
ing afford us a distinctive criterion between species and variety. 
The fact, however, that we are not able to give any satisfactory defini- 
tion of the conception of species , precisely because we are unable clearly 
to distinguish between species and variety , adds so much the more 
weight to Darwin’s argument, since neither the variability of the 
organism and the struggle for existence nor the great antiquity of 
life upon the globe can be contested. 

The variability of forms is a firmly established fact ; so, too, is the 
struggle for existence. Now if we add the operations of natural 
selection to these two factors, we are able to understand the origin 
of varieties. If we imagine the same process which has led to the 
formation of varieties continued through a greater number of genera- 
tions and effective through a longer period of time — and we are the 
more justified in making use of these long periods of time, since 
with their help astronomy and geology have been enabled to explain 
many phenomena — the diverging characteristics will become more and 
more marked, and will at last gain the value of distinctive species- 
characters. 

In still greater periods of time the species will become so far 
separated from one another by the simultaneous disappearance of 
the intermediate forms that they will represent different genera. 
Accordingly the greater differences of organization which are ex- 
pressed in the higher divisions of the system, sucji as orders and 
sub-orders, etc., require a longer interval of time for their accom- 
plishment, and an extinction of a greater number of intermediate 
forms. Finally, the different ancestral forms of the classes of a 
group may be referred to a common starting-point ; and since the 
different groups of animals are connected by many intermediate forms, 
the number of the ancestral forms becomes much reduced. 
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The undifferentiated contractile substance, sareode or protoplasm, 
was probably the starting-point of all organic life. 

If these suppositions are correct, species no longer retain the signifi- 
cation of independent and immutable units , and appear, .according to 
the great law of evolution, only as transient groups of forms, capable 
of change, and confined to longer or shorter periods of time, to definite 
conditions of life, and preserving, as long as these conditions do not 
vary, a constancy in their essential characters . The different categories 
of the system show the closer or more remote degree of relationship ; 
and the system is the expression of genealogical relationslup founded 
upon descent. All systems, however, must be impel feet and full of 
gaps, since the extinct ancestors of organisms living at the present 
time can only be very imperfectly supplied by the geological record ; 
numerous intermediate forms are wanting and finally no traces of 
organic remains from the most ancient periods are preserved. 

Only the ultimate twigs of the enoimously ramified ancestral tree 
are accessible to us in sufficient number. Only the extreme points 
of the twigs are completely preserved,* while of the numeious 1 (uni- 
fications of the branches only the existence of a stump here and 
there has been demonstrated. Hence it appears quite impossible, in 
the present state of our knowledge, to attain to a sufficiently sure 
representation of this natural genealogical tree of organisms ; and 
while we admire the bold speculations of E. Haeckel's genealogical 
attempts, it must be admitted that at present there is room for 
innumerable possibilities in detail, and that subjective judgment 
holds a more conspicuous place than objective certainty of fact. 
Hence we must be contented for 1 the present with an incomplete 
and more or less artificial arrangement ; although the conception of 
the natural system theoretically is established. 

When the fundamental arguments of the Darwinian theory of 
selection and the transmutation theory founded upon it are submitted 
to criticism, it is soon apparent that direct proof by investigation 
is now, and perhaps always will be, impossible; for the theory is 
founded upon postulates which cannot be submitted to direct inquiry. 
Periods of time which cannot be brought within the limits of human 
observation are required for the alteration of forms under natural 
conditions of life ; and the extremely complicated interactions, which 
in the natural state under the form of natural selection are tending 
to change plants and animals, can only be grasped in a general sense, 
while in their details they are practically unknown to us. 

Further, plants and animals which are under the influence of 
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natural selection are entirely inaccessible to the experiments of man, 
and the relatively few forms which man has, in a greater or less 
space of time, brought completely within his power, have been and 
are being altered and modified by the so-called artificial selection. 
The action of the natural selection, in Darwin’s sense, is therefore 
in general incapable of direct proof, and even for the origin of 
varieties can only be illustrated and rendered probable by hypothe- 
tical examples. Against this we must, however, set the fact that 
there is a great probability in favour of the correctness of the 
theories of descent and transmutation of species, which have never 
received better support than from the natural selection theory of 
Darwin ; and that this probability is supported, not only by the 
whole weight of morphological evidence, but also by the testimony 
of Palaeontology and of geographical distribution. 

EVIDENCE IN FAVOUR OF THE THEORY OF DESCENT. 

If the transmutation of species is to be regarded as an hypothesis, 
because it is incapable of being demonstrated by direct observation, 
then its value depends upon its correspondence with the facts and 
phenomena of nature. 

Evidence from Morphology. — The whole of Morphology tends to 
show the correctness of the theory of transmutation of species. The 
degrees of resemblance between species which was for a long time 
expressed by the metaphorical term “ relationship f and which rested 
upon an agreement in more or less important characteristic*', led 
to the establishment of systematic groups, of which the highest, the 
kingdom or type, was founded upon a similarity in the most general 
features of organization and development. The agreement of numerous 
animals in the general plan of their organization, e.g^ the common 
possession by fishes, reptiles, birds, and mammals of a rigid column 
forming the axis of the body, and the dorsal position in regard to 
this of the central nervous system and the ventral position of the 
organs of nourishment and reproduction, are very well explained, 
according to the theories of selection and descent, by the derivation of 
all Vertebrates from a common ancestor possessing the characteristics 
of the type, while the supposition of a plan of the Creator renounces 
all explanation. In like manner is explained that similarity of 
characteristics by which the remaining groups and sub-groups, from 
class to genus, are distinguished, as well as the possibility of dividing 
all organized beings into groups subordinated the one to the other. 
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The impossibility of a sharply defined classification is also rendered 
comprehensible by the theory of descent. The theory requires the 
existence of forms transitional between intimately and remotely 
allied groups; and explains, as a result of the disappearance, in course 
of time, of numerous types which have been worsted in the struggle 
for existence, the fact that groups of equal value are of such various 
extent, and are often only represented by single forms. 

It is not only systematic characters, but also the innumerable 
facts brought to light by the science of Comparative Anatomy which 
point to a nearer or more remote relationship between the different 
groups. For example, if we examine the structure of the extremities 
or the brain of Vertebrates, we find, in spite of considerable differ- 
ences (sometimes bridged over by intermediate forms) in the various 
groups, that in all they are built upon a common type of struc- 
ture. This type is found very variously modified and more or 
less differentiated in each secondary group, according to the different 
functions which the organ has to fulfil and according to the exigencies 
of the mode of life to which each species is subjected. In the fin of 
the whale, in the wing of the bird, in the anterior limb of the 
quadruped, and in the human arm it can be shown that there are 
present the same bones, here short and broad and immoveably con- 
nected, there elongated and jointed in different ways to allow of 
corresponding movements, sometimes with every part fully developed, 
sometimes simplified in one way or another, and partly or entirely 
rudimentary. 

Evidence from the facts of Dimorphism and Polymorphism. — 

The phenomena of dimorphism and polymorphism in the same 
species, and the sexual differences which have been developed in 
animals originally hermaphrodite, may be quoted as important evi- 
dence of the extensive influence of adaptation. 

Male and female forms differ not only in the fact that the former 
produce spermatozoa and the latter ova, but they exhibit numerous 
secondary sexual characteristics connected with the different func- 
tions which the male and female respectively have to perform. The 
existence of these secondary characteristics can in all cases be 
satisfactorily explained by means of natural selection. We may 
therefore, in a certain sense, speak of a sexual selection * by means 
of which the two sexes have been, in course of time, gradually sepa- 
rated from one another, not only in peculiarities of form and organiza- 

* Ch. Darwin, “The Descent of Man, and. Selection in Relation to Sex,” 
Vol. I. and II. London 1871. 
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tion, but also in habits of- life, in such a way as to favour the 
preservation of the race. Since the male sex generally has to take 
a more active part in the acts of copulation and fertilization it is 
comprehensible that the male form should differ more from the young 
than the female which supplies material for the formation and 
nourishment of the embryo and is charged with the care of the 
progeny. Very frequently the male sex is capable of quicker and 
more facile movements ; in many Insects the male alone has the 
power of flight, while the female remains without wings (fig. 97). 
In the strife which the males of similar species have to wage for 
the possession of the females, those individuals which are most 
favoured by their organization (in respect of strength, capability for 
motion, prehensile organs, beauty, organs for production of sound, 
etc.) will prove the conquerors; while those females which possess 
properties especially favourable to the prosperity of the offspring will 
best fulfil their task. 

At the same time variations in the duration of development, in 
the mode of growth and structure, may in a more passive way be 
favourable under the special conditions of life of the species. The 
secondary sexual characters may sometimes acquire such importance 
as to lead to essential and deeply engrained modification of the 
organism, and to a true sexual dimorphism (males of Hot if era with no 
digestive tube, dwarfed males of Bonellia , Trichosomum crassicauda). 

It is a significant fact that- dimorphism of sex reaches its highest 
extreme in parasites. In many parasitic Crustacea (Siphono stoma) 
such extreme cases, in which the large shapeless females have lost 
the organs of sense and locomotion, and even segmentation, while 
the males are small and dwarfed, are connected by numerous inter- 
mediate forms; and the circumstances which have operated as the 
cause of this sexual dimorphism are not far to seek. The influence 
of favourable conditions of nourishment which parasites enjoy does 
away with the necessity of rapid and frequent locomotion, increases 
in the female the capacity of producing reproductive material, and 
brings about such an alteration of form that the power of locomotion 
is diminished and the organs of movement atrophy and may com- 
pletely vanish. The body acquires an unwieldy, shapeless character 
in consequence of the enormous size of the ovary which is filled with 
eggs, and throws out outgrowths and processes into which the ovaries 
project, or else acquires an unsymmetrical saclike form. The seg- 
mentation is lost and the limbs degenerate ; the slender moveable 
abdomen which, when the animal was free-swimming, was an essen- 
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tial aid to locomotion, is reduced more and more till it becomes a 
short, unsegmented stump. The appearance of such a parasite is so 
strange that one can easily comprehend how it was that formerly 
one of these abnormal groups, the Lemwce, was placed among the 
endoparasitic Worms, or even among the Mollusca. 

The more the female remains behind the type of its fully-developed, 
free-living allies, so much the more do the two sexes become morpho- 
logically remote from one another, for the form and organization of 
the male also are affected by the changed conditions of life, but in 
a different manner. lc In the male sex the more favourable and 
abundant nourishment may not affect the necessity of locomotion 
and the development of the locomotive organs in so direct a manner, 
since the sexual activity of the male and the necessity for locomotion 
in order to select a female remain unaltered. Even when locomo- 
tion is reduced and rendered difficult, parasitism does not, in the case 
of the male, lead either to a complete loss of segmentation or to such 
unsymmetrical growths as we observe in many female parasitic Crus- 
tacea. The large quantity of generative material produced, which 
in the female is of the greatest importance for the preservation of 
the species, and which therefore favours the development of a large, 
shapeless, unwieldy body, is the less conspicuous in the male because 
a very small quantity of sperm serves for the fertilization of an 
enormous number of ova. 

Thus, then, the extreme degree of parasitism in the male, even 
when accompanied by a confined and more creeping mode of loco- 
motion, does not lead to an excessive increase in size nor produce 
an unsegmented and strange form of body, but, on the contrary, 
gives rise to the symmetrically formed, dwarfed pignifean males. 
This extreme state is, however, connected with the normal state by 
numerous intermediate steps. Thus we find in the Lernreopods that 
the size of the male Adheres is only slightly reduced, while the true 
dwarfed males of the Lernceopoda and Chondracanthidcv are attached, 
like small parasites (fig. 98), to the posterior end of the female body, 
which is relatively enormously large. The preparation of a large 
amount of sperm which implies the possession of a large body, would 
only be a useless expenditure of material and time in the life of the 
species, and this must have been avoided by the influence of natural 
selection. 

In addition to this sexual dimorphism we find in various groups 
of animals — especially in the insects which live together in great 
* Compare C. Claus, “Die freilebeuden Copepoden.” 1863. 
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societies, the so-called animal communities — a third group of indi- 
viduals (sometimes even divided into several series of forms) which 
are without generative organs and are incapable of reproduction, but 
which assume the functions of protecting, of providing nourish- 
ment for the community, and of caring for the young. Adaptive 
peculiarities suitable for the discharge of these functions are 
apparent in their structure and organization. These sterile indivi- 
duals are in the Hymenoptera aborted females. Among the ants 
they are divided into workers and soldiers. Amongst the Termite* tt 
they are derived from both males and females, in which the genera- 
tive organs are reduced. Sterile individuals are also found amongst 
animals (Fishes) which do not form communities, and were formerly 
taken for particular species and described as such. Polymorphism is 
most highly developed in the Ilydroids which are united in stocks — 
the Siphonopliora . 

The numerous cases of dimorphism and polymorphism in either 
sex of the same species, should be regarded from the same point of 
view. Dimorphic females among insects have been observed, e.g ., in 
the Malayan PapUionicliv (P. Memnon , Pamnon , Ormemtti), in cer- 
tain species of llydroporns and Jh/t incite , as also in the Nearotemis, a 
genus of the Netiroptera. In these cases, as a rule, one of the 
female forms is more nearly related in form and colour to the male 
orm whose peculiarities it lias assumed. In other cases the 
differences are more connected with climate and season (seasonal 
dimorphism of butterflies), and also affect the male animal. They 
may be connected with the different forms of reproduction (parthen- 
ogenesis), and lead to the phenomenon of heterogamy ( Chermes 
Phylloxera , Aphis). Much more rarely we find two kinds of males 
with dissimilar secondary sexual characters connected with copula- 
tion, as in the case of the “ smellers ” and “ clampers ” ** ! described by 
Fritz Muller in the Isopoda ( Tamils duhius ). 

Evidence from Mimicry. — Another series of phenomena which 
may probably be referred to useful adaptation is the so-called 
mimicry . Certain animal forms come to resemble other widely- 
distributed species, which are protected by any peculiarity of 
form and colour, so closely that they seem to have copied them. 
The cases of mimicry which have been principally made known by 
Bates and Wallace are directly connected with the protective 
resemblances mentioned above ; that is, the resemblance of many 
animals in colour and body shape to the objects amongst which the}' 
* Fritz Muller, Facts for Darwin,*’ p. 22. 
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live. For example, amongst the butterflies certain Leptalidce resemble 
in outward appearance and in mode of flight a species of the family 
Heliconiu8 (fig. 116), which appears to be protected from the pursuit 
of birds and lizards by a yellow disagreeable-smelling fluid, and 
share the same locality with the above-mentioned species. The 
most perfect instances of mimicry are found in the Tropics of the 
Old World, where the Danaidce and Acueidce are imitated by the 
Papilionidse ( Danais niavius , Papilio hippocoon — Danais echeria, 
Papilio cenea — Acra j n yea, Panopcea hirce ). Cases of mimicry fre- 
quently occur between insects of different orders ; butterflies imitate 
the form of Hymenoptera, which are protected by the possession of 
spines (Sesia bombyliformis — Boinbus liortornm, etc.) In the same way 

certain beetles resemble bees 
and wasps (Char is melipona, 
Odontocera odyner aides), and 
the Orthopteran genus Con- 
dylodera tricondyloides from • 
the Philippines is like a genus 
of Cicitidelev (Tricondyla). 
Numerous Diptera have the 
form and colour of stinging 
Sphegidce and Wasps. Also 
among Vertebrates (Serpents 
and Birds) some examples of 
mimicry are known. 

Evidence from Rudimen- 
tary Organs. — Rudimentary 
organs, too, which are so 
common, are satisfactorily ex- 
plained by the theory of selec- 
tion as the result of non- 
employment of such organs. Organs which were formerly functional 
have gradually or even suddenly become functionless as a result of 
adaptation to special conditions of life, and, through want of exercise, 
have, after the lapse of generations, become weaker and finally aborted 
or degraded (Parasites). We cannot, however, assert that rudimentary 
organs are in all cases useless. They have, on the contrary, often 
gained secondary functions, though this may be difficult to demon- 
strate. 

We find, for instance, in certain snakes (Pythonidce) that there 
are small processes armed with claws at the sides of the anus (anal 



Fig 110. — a, Lejituh* Tkeotwe , vai Lcuconoc 
(Pieris) b t Hhotnut lUrdttia (the mimicked 
Helicomub). (Aftei Bates ) 



EVIDENCE FROM EMBRYOLOGY. 


157 


claws). These are the hind limbs which have become rudimentary, 
and which do not subserve locomotion but, in the male at least, assist 
in copulation. The blind worms possess a rudimentary shoulder 
girdle and breast bone, although the anterior extremities are want- 
ing : these bones may be connected with the need of protecting the 
heart, or may aid in respiration. When we see that the upper 
incisor teeth are developed in the foetus of many ruminants, and that 
these teeth are never cut, and that the embryos of the whalebone 
whales have the rudiments of teeth in their jaws, which they soon 
lose and never make use of in mastication, it is much more rational 
to ascribe to these structures a part in the growth of the jaw than to 
hold them for wholly useless. The rudimentary wings of the penguin 
are employed as oars, those of the ostrich as aids to running and as 
weapons for protection. The rudimentary stumps of the kiwi, on 
the contrary, appear valueless. In many cases we are not in a 
position to assign any function or value to rudimentary organs. 

Evidence from Embryology. — The results of embryology too, i.e. y 
the individual development from the ovum to the fully developed 
form, are in complete agreement with the Darwinian theories of 
selection and descent. The fact that the animals belonging to one 
type have, as a rule, embryos which are much alike and undergo a 
similar developmental process, and that the closer the relationship 
between the adult forms the greater the similarity in their develop- 
ment (with some remarkable exceptions), supports the conception of 
a common ancestry and the hypothesis of differing gradations of blood- 
relationship. 

If the groups of different value which correspond to the divisions 
and subdivisions of our classification are genetically derived from 
more or less remote ancestral forms, then the individual develop- 
ment will present so many the more common features the closer the 
forms stand to their common ancestor. 

The fact that animals which differ much from one another and 
exist under very different conditions of life show an unusual agree- 
ment in their post-embryonic development up to a more or less late 
period (the free Copepoda, parasitic Crustacea, Cirripedia), is in no wise 
opposed to the theory, but may be explained by the influence which 
adaptation has exerted not only during the period of sexual life, 
but also during each developmental period, causing changes which 
have been inherited in corresponding periods of life. 

The phenomena of metamorphosis afford numerous proofs of the 
fact that the adaptation of the embryonic form is as complete as 
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that of the adult , and we can thus understand how larva? of many 
insects belonging to different orders can present great resemblances 
to one another and be unlike the larvse of insects of the same order. 
While as a general rule the development of the individual is an 
advance from a simpler and lower organization to one more complex 
which has become more perfect by a continued division of labour 
among its parts — and we shall later find a parallel to this law of 
perfection of the individual in the great law of progressive perfection 
in the development of groups — yet the course of development may, 
in particular cases, lead to numerous retrogressions, so that we may 
find the adult animal to be of lower organization than the larva. 
This phenomenon, which is known as retrogressive metamorphosis 
(Cirripedia and parasitic Crustacea ), corresponds to the demands of 
the selection theory, since under more simple conditions of life, where 
nourishment is more easily obtained (parasitism), degradation and 
even the loss of parts may be of advantage to the organism. 

Again, the facts of embryonic development, when considered in 
relation to the gradations expressed in the system are in complete 
accord with the theory of evolution. Numerous examples may be 
cited to prove that features, not only of the simple and more 
primitive, but also of the more perfectly organised groups of the 
same type, are reflected in the successive phases of f octal life. In 
the case of a complicated free development by metamorphosis, which 
is usually correlated with an unusual simplification of the foetal 
development within the egg membranes, the relation of the successive 
larval stages to the allied smaller groups of the system, to the 
genera, families and orders, is more direct and striking. For example, 
in the early stages of the embryonic development of mammals certain 
structures occur, which in the lower fishes endure throughout life. 
Later stages show peculiarities which correspond to the characters of 
amphibia. The metamorphosis of the frog begins with a stage which 
in form and organization and mode of locomotion agrees with the fish 
type ; and this stage is succeeded by numerous other larval stages 
in which the characters of the other orders of Amphibia (Perenni- 
branchiata, Salamandrinida*) and of individual families and genera of 
the same are repeated. 

This undeniable likeness between the successive stages of individual 
development and between allied groups of the system allows us to 
institute a parallel between the former and the evolution of the 
species. The evolution of the species finds, it is time, a most imper- 
fect expression in the relationship of the systematic groups, and can 
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only be inferred from the history of the past for which palaeon- 
tology affords us but slight material. 

This parallel, which naturally presents numerous greater or smaller 
variations in detail, is explained by the theory of evolution, according 
to which the developmental history of the individual appears to be 
a short and sivijrtified repetition , or in a certain sense a recapitulation , 
of the course of development of the species. 

The historical record preserved in the developmental history of 
the individual must often be more or less blurred and obscure on 
account of the many adaptations which have occurred during the 
embryonic development, or during larval life. Especially in those 
cases where the peculiar conditions of the struggle for existence 
demand a simplification, the development will take a more direct course 
from the ovum to the perfect animal, will be thrown back into an 
earlier period of life, and finally will be completed before the animal 
is hatched, until, in absence of a metamorphosis, the historical record 
is completely suppressed. On the contrary, in the cases of progres- 
sive transformation where the larval states are gradually modified 
and live under similai* conditions of life, the history of the species 
will be less imperfectly reproduced in that of the individual. 

Evidence from the Facts of Geographical Distribution.— Unlike 
the facts of morphology, those of ye,oyraphical distribution raise 
great difficulties for the theory principally because the phenomena 
are very complicated and our experiences are still too limited to permit 
of our establishing general laws. The present distribution of plants 
and animals over the surface of the earth is clearly the combined 
result of the earlier distribution of their ancestors and of the geologi- 
cal changes which have since taken place, the modifications in the 
extent and position of land and water, which must have had an 
influence on the fauna and flora. 

Accordingly the geographical distribution of plants and animals f 
appears intimately connected with that part of geology which has 
for its aim the investigation of the most recent occurrences in the 
formation of the earth’s crust and its contents. It cannot, 
therefore, be confined to an examination of the areas of distribution 
of the animals and plants of the present day, but must take cogni- 
zance of the distribution of the remains, enclosed in the most recent 
formations, of the nearest relations and ancestors of living forms, in 

* Fr. Muller, “Fur Darwin,” Leipzig, 1864. 

t A. R. Wallace, “The Geographical Distribution of Animals,” London, 1876. 
P. L. Sclater, “ Address to the Biological Section of the Brit. Association,” 1875. 
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order to find an historical explanation of the known facts of distribu- 
tion. Although in this sense the science of animal geography is still 
in its infancy, yet numerous and important phenomena of geographical 
distribution receive a satisfactory explanation according to the theory 
of transmutation of species on the supposition of migrations and 
gradual changes brought about by natural selection. 

It is a most important fact that neither the resemblance nor the 
want of resemblance of the animals inhabiting different localities 
can be completely explained as the result of climatic and physical 
conditions. Closely allied species of plants and animals often appear 
under very different natural conditions, while a completely different 
fauna and flora can exist in a similar climate and on a similar soil. 
On the other hand, the extent of the difference between two fauna 
is closely connected with the limitations of space and the barriers 
and hindrances to free migration. The Old and New Worlds, which, 
leaving out of consideration the polar connection, are completely 
separated, have in part a very different fauna and flora, although 
with regard to the climatic and physical conditions of existence there 
are innumerable parallels which would equally favour the prosperity 
of the same species. 

In particular if we compare the districts of South America with 
regions situated in the same latitude and possessing the same climate 
in South Africa and Australia, we find three fauna and flora which 
differ considerably, while the natural productions from different 
latitudes of South America with entirely different climates are 
closely allied. Here the northern animals are indeed specifically 
different from the southern, but belong to similar or nearly allied 
genera with the peculiar stamp characteristic of South America. 

Zoological Provinces. — The surface of the earth can be divided 
into from six to eight regions according to the general features of 
the terrestrial and fresh-water fauna. These regions can indeed only 
be considered as a relative expression for large natural districts of 
distribution, since they cannot be applied to all groups of animals 
in the same manner, and it is impossible that they should differ in 
like degree and in the same direction. There must also be inter- 
mediate regions combining the characteristics of the neighbouring 
regions with peculiarities of their own ; and the question must arise 
whether these should not be taken as independent regions. 

The merit of having first established a natural division of the 
earth into zoological regions and sub-regions belongs to Sclater. This 
naturalist founded his system on the distribution of birds, and dis- 
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tinguished six regions, the limits of which agreed fairly well 
with the distribution of Mammalia and Reptilia. These regions 
are — 

(1) The Paltmrctic Region — Europe, the temperate part of Asia, 
and North Africa as far as Mount Atlas. 

(2) Nearctic Region — Greenland and North America as far as 
North Mexico. 

(3) The Ethiopian Region — Africa, south of Atlas, Madagascar, 
and the Mascarenes with South Arabia. 

(4) The Indian Region — India south of the Himalayas, to South 
China, Borneo and Java. 

(5) The Australian Region — Celebes and Lombok eastward to 
Australia, and the South Sea Islands. 

(6) The Neotropical Region — South America, the Antilles, and 
South Mexico. 

Other naturalists (Huxley) have since shown that the four first 
of these regions have a much greater resemblance to one another 
than any one of them has to the Australian or South American 
regions; that New Zealand is entitled by the peculiarities of its 
fauna to be considered as forming a region by itself : finally, that a 
circumpolar* province should be formed equal in value to the Palae- 
arctic and Nearctic. 

Wallace objects to the establishment either of a New Zealand or of 
a circumpolar region , and advocates the adoption of the six regions 
of Sclater on practical grounds, but suggests the modification that 
since the South American and Australian are much more isolated, 
the regions should not be of equal value. 

These regions are bounded by extended seas, lofty mountain ranges, 
or vast sandy deserts, and obviously such boundaries do not constitute 
effective barriers to the migration of all animals, but allow certain 
groups to pass from one region to another. 

The obstacles to i mm igration and emigration appear in certain 
places, at all events in the present time, to be insurmountable; 

* Andrew Murray, on the contrary, in his work on the geographical dis- 
tribution of Mammalia in 1866, distinguishes only four divisions — the Pal ?ea retie, 
Indo-African, the Australian, and the American. Riitimeyer recognises in addi- 
tion to the six provinces of delator a Mediterranean and Circumpolar province. 
J. A. Allen (“ Bulletin of the Museum of Comparative Zoology, Cambridge, 
vol. ii.) proposes to distinguish eight regions, in connection with ‘‘the law of 
circumpolar distribution of life in zones : ” — (1) Arctic realm ; (2) North -Temper- 
ate realm ; (3) Tropical American realm ; (4) Indo-African Tropical realm ; 
(6) Tropical South American realm ; (6) Temperate African realm ; (7) Ant- 
arctic realm ; (8) Australian realm. 


11 
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but in past ages, when the divisions of land and water were 
different, they must have been, for many forms of life, easily 
surmountable. The expression “ centre of creation,” which has 
long been used in the sense of a tolerably defined district of dis- 
tribution — or better still, Piitimeyer’s word, “ centre of distribution ” 
— has as a fundamental idea the endemic appearance of definite 
groups of typical species and their gradual extension * towards 
the boundaries of the said region, a conception which harmonizes 
well with the theory of the origin of species through gradual 
alterations. 

The same laws apply also to the distribution of the inhabitants of 
the sea. Great seas studded with islands which serve to confine the 
land animals may favour the migration of marine species, while 
extended continents, which allow their inhabitants to wander freely 
over them, confine the sen animals within limits which cannot be 
passed. A great number of sea animals live only in the shallow 
water round the coast, and their distribution thus often coincides 
with that of the land animals ; whereas the animals found on the 
opposite coasts of great continents are very different. For example, 
the sea animals of the east and west coasts of South and Central 
America differ to such a degree that, with the exception of a series 
of fishes, which, according to Gunther, are found on both sides of 
the Isthmus of Panama, only a few forms are common to the two 
coasts. In the same way we find that the marine inhabitants of 
the east insular district of the Pacific differ completely from those of 
the west coast of South America. If, however, we advance to the 
west of this part of the Pacific till we come to the coast of Africa 
in the other hemisphere, we find that the fauna of this extensive 
district cannot be so sharply distinguished. Many species of fish 
are found from the Pacific to the Indian Ocean. Numerous Mollusca 
of the South Sea Islands live also on the east coast of Africa, almost 
beneath the opposite meridian. In this case the limits of distribu- 
tion are not impassable, as numerous islands and coasts afford a rest- 
ing place to wandering inhabitants of the sea. In respect of the 
different haunts of the inhabitants of the sea, we must make a dis- 
tinction between the littoral animals, which are distributed along the 
coasts, and live under different conditions and at different depths on 
the bottom of the sea, and the pelagic animals, which swim on the 
surface. 

* Compare Riitimeyer’s Essay, “ Ueber die Herkunft unserer Thierwelt,” 
Basel and Genf, 1867. 
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But there also exists, at considerable depths and on the bottom 
of the sea, a rich and varied animal life. This has only lately been 
brought to our knowledge principally by the deep-sea explorations 
from North America, Scandinavia, and England. In place of that 
want of animal life which we should on a priori grounds expect 
to find, we see that numerous lowly organised animals of the 
most different groups are able to exist even at the greatest 
depths. Besides the lowest sarcode animals of the Foraminifera 
(Globigerina ooze), we find especially silicious sponges, certain corals, 
Ecliinoderms , and Crustacea .* The representatives of the latter 
are in part of low* type, but gigantic, and many of them blind. 
It is also a fact of more than ordinary interest, as showing the 
continuity of living creatures from successive geological forma- 
tions up to the present time, that the deep sea animals are allied 
to ancient types which occur in Mesozoic formations, especially in 
chalk. 

Evidence from Palaeontology. — The results of geological and 
palaeontological inquiry give us a third great series of facts in 
support of the theory of slow alterations of species and the 
gradual development of genera, families, orders, etc. The firm 
crust of our earth is formed of numerous and enormous rock 
strata, which have been deposited in a definite series by water* in 
course of time, and also of the so-called volcanic or plutonic rocks, 
masses which have been forcibly ejected from the molten interior 
of the earth. The- former or sedimentary deposits, which have under- 
gone numerous alterations in the originally horizontal arrangement 
of their strata as well as in the petrographical condition of their 
rocks, contain a quantity of the fossilized remains ol former plants 
and animals which have become buried in them, and thus afford an 
historical record of a rich fauna and fiora which existed during the 
earlier periods of the earth’s development. Although these so-called 
fossils have made us acquainted with a very considerable number of 
ancient organisms presenting great diversity of form, yet they only 
constitute a very small portion of the enormous quantity of living 
beings which have at all times existed upon the earth. They 
suffice, however, to teach us that a different fauna and flora existed 
at the time when each individual deposit was being formed, and that 

' * Compare Wy ville Thomson, “ The depths of the sea. An account of the 

general results of the dredging cruizes of the Porcupine and Lightning, during 
the summer months of 1868, 1869, 1870.” London, 1873. Also the results of the 
Challenger expedition 1874-1876. 
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the deeper a stratum comes in the series, that is, the earlier it 
appears in the history of the earth, so much the more its fauna and 
flora differ from those of the present time. The more nearly one 
stratum follows another in the series, the closer the relationship 
between their respective fossils. Every sedimentary formation 
possesses characteristic fossils which appear veiy frequently ; and 
from these, taking into account the succession of strata and the 
petrographic characters of the rocks, the place occupied by the 
stratum in the geological system can be defined with tolerable 
accuracy. 

Without doubt the characters of the fossils and the relative posi- 
tions of the strata are the most important aids to the determination 
of the geological age of the deposit ; at any rate they furnish a more 
reliable criterion than does the structure of the rocks. The idea 
entertained in earlier times that rocks of the same period always 
possessed a similar, and rocks of a different period a dissimilar 
structure, has lately been given up as erroneous. Stratified or 
sedimentary deposits have arisen in every period n rider similar condi- 
tions. In past times, as at the present time, they were caused by 
the deposition of clay, of fine or coarse sand, of fine and coarse debris, 
by chemical precipitation of carbonates and sulphates of lime and 
magnesia, of silica and oxide of iron, and by accumulation of solid 
animal and vegetable remains. These have become transformed only 
in course of time into such hard rocks as argillaceous and calcareous 
schists, limestone, sandstone, dolomite, and conglomerates of many 
kinds ; as the result of many causes, such as mechanical pressure of 
superincumbent masses, increase of temperature, internal chemical 
processes, and so forth. 

Even though the peculiar structure of rocks may in many cases 
afford good ground for conjecture as to the relative age, yet 
it is certain that deposits of similar age may show an entirely 
different petrographical character ; and, on the other hand, that 
deposits of very different ages may have given rise to rock forma- 
tions that can be scarcely or not at all distinguished from one 
another. 

The old idea that deposits of the same age must everywhere contain 
the same fossils, could only be maintained as long as geological inves- 
tigations were confined to small districts. Similarly the idea, closely 
connected with the former, that the various geological formations, 
characterised by a series of definite strata, are entirely independent 
of one another, no longer obtains credit. The various forma- 
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TERTIARY PERIOD 
( ( it i nozoic Formation*). 


Eocene Period 


Cretaceous Period 


tions * as the group of strata of one district of distribution and belong- 
ing to one period are named, cannot be divided petrographically or 

* The following table may serve for a bird’s-eye view of the geological periods 
and their most important formations : — r 

QUAKTIARY period (alluvium, marine and fresh- water 

(Diluvial and Alluvial J ^tions). 

Formations). | ^ menu or Diluvial Period (erratic boulders, 

l glacial period). 

r Pliocene Period (subappenine formations, bone sand 
of Eppelsheim, etc.) 

TERTIARY period Miocene Period (Molasse, Tegcl near Vienna brown 
(Cainozoic Formations). coal in North Germany, etc). 

[ Eocene Period { FI yscb, Nummulite formation 
\ ( of the Paris basin. 

/ ( Maestrioht strata, white chalk, 

Cretwm* Pc nod j uppor green sand, «ault. 

1 lower green sand. Weald. 
SECONDARY PERIOD J , 

(Mesozoic Formation). ■ * urbeck strata, Portland stone, 

Jiiraxxir Period J Kimmeridgc clay, Coral Hag, 
] Oxford clay, Great oolite, 
V Lower oolite. Lias (white, 

brown, and black jura). 

r Keuj)er or upper new red sand- 

. ^tone, Muscliclkalk (upper 

secondary period 1 1 ° lC n l ° Musolielkalk, gypsum and 

(Mesozoic Formations). / ar *hydrite, Wellenkalk, Bun- 

' tor Sundstein). 

Permian j Zeehstein, Rothliegendes. — 

' ( lower new red sandstone. 

( I Coal Measures of England, 

Carboniferous J Germany, and North 

Period j America, Kulm formation, 

palaeozoic PEumn I Carboniferous limestone. 


SECONDARY PERIOD 
(Mesozoic Formation). 


SECONDARY PERIOD 
(Mesozo ic Format ion s). 


Jurassic Period 


Triassie Period 


Permian 


Carboniferous 

Period 


PALaEOZOIC PERIOD 
( Pa 1 ceozoie Formation s) . 


' Devonian Period (Spiriferonschiefer, Cypndinen- 
schiefer, Stryngocephalenkalk, etc. — old red sand- 
stone.) 

Silurian Period (Ludlow, Wenlock. strata, etc.) 
Eambr inn Period (slate, etc.) 

ARCHA3AN period / ^konschiefer, Laurentian formations. Mica schist, 
{ Older Gneiss fonnations. 

According to Professor Ramsay the groups of formations in England have a 
thickness of 72,584 feet, i.e., about 13§ English miles ; that is, formations of the — 

Paleozoic period have a thickness of 57,154 ] 

Secondary .. 13,190 1 72.584 feet 

Tertiary 2,240 J 
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palaeontologically from each other in such a manner ah to lend support 
to the hypothesis of sudden and mighty revolutions and catastrophes 
destroying the whole living world. We may rather assert with cer- 
tainty, that the extinction of old species and the appearance of new 
ones has not taken place at the same time at all points of the surface 
of the earth, for many species extend from one formation into 
another, and a number of organisms persist from the tertiary period 
to the present time, but little altered or even identical. Just as the 
commencement of the recent epoch is hard to detine, and cannot be 
sharply separated from the diluvial period by the character either 
of its deposits or of its fossils, so it is with the remoter periods of 
the earth’s history, which are founded, like periods of human history, 
upon great and important occurrences, and yet are in direct con- 
tinuity. 

Lyell has proved in a convincing way on geological grounds that 
there were not sudden revolutions extending over the whole surface 
of the earth, but that changes took place slowly, and were confined* 
to separate localities; in other words, that the past history of the 
earth consists essentially of a gradual process of development, in which 
the numerous forces which may be observed in action at the present 
day have, by their long continued operation, had an enormous total 
effect in transforming the earth’s surface. 

The reason for the irregular development of strata and for the 
limitations of formations is principally to be sought in the interrup- 
tion of depositions, which, though widely distributed, were only of 
local importance. Were it possible that a single basin of the sea 
should have persisted during the whole period of sedimentary forma- 
tion and under singularly favourable circumstances have formed new 
deposits in persistent continuity, then we should find a progres- 
sive series of strata interrupted by no gaps, which we should be 
unable to classify according to formations. Such an ideal basin 
would include only a single formation, in which we should find 
representatives of all the other formations of the surface of the 
earth. 

* “ Every sedimentary formation was extended at the time of deposition over a 
confined territory, — confined on the one hand by the extent of the sea or fresh- 
water basin, and on the other by the different conditions favourable to the depo- 
sition inside the basin. At the same time, in other places entirely or at any 
rate somewhat differently stratified formations (/>., formations of the same age, 
but of different composition) resulted. Thus marine, fre&h-watcr, and swamp 
formations have been deposited at the same time from different rocks and with 
different fossils, while the land surface has remained free.” Comp. B. Cotta, 
Die Geologie der Gegenwart. ” 
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In reality this ideal continuous series of strata is interrupted by 
numerous and often large gaps, which determine the petrographical 
and palaeontological differences, often strongly marked, between 
successive strata, and correspond to periods of inactivity, or, as 
may happen, to periods when the r&sults of sedimentary action 
have been again destroyed. These interruptions of load deposits 
are explained by the constant alterations of level which the 
surface of the earth has undergone in every period in consequence 
of the reaction of the molten contents of the earth against its firm 
crust. 

As we see in the present time that wide tracts of country are 
gradually sinking (west coast of Greenland, coral islands), while 
others are being slowly elevated (west coast of South America, 
Sweden) ; that strips of coast line are suddenly submerged beneath 
the sea by subterranean forces, and that islands as suddenly appear; 
so it was in earlier periods. Elevation and depression were at work, 
perhaps uninterruptedly, causing a gradual, more rarely a sudden 
(and then locally confined) interchange between land and sea. 
Basins of the sea rising with gradual movement became dry land and 
rose up first as islands, and afterwards as connected continents, the 
different deposits of which, with their included fossils, bear witness 
of the sea which once covered them. On the other hand, great 
continents sank beneath the sea, leaving perhaps their highest moun- 
tain peaks appearing as islands, and again became the seat of fresh 
deposition of strata. In the first case there would be an interruption 
of deposit, while in the latter there would result, after a longer or 
shorter period of inactivity, the beginning of a new formation. Since, 
however, elevations and depressions, even though affecting districts of 
great extent, must always be locally confined, the commencement and 
interruption of formations of equal age have not taken place every- 
where at the same time. Deposits continued a long time on one tract 
after they had ceased on another; hence the upper and lower boun- 
dary of equivalent formations may show great want of uniformity, 
according to the different locality. This explains how it is that for 
mations lying one above the other are composed of strata of very 
variable thickness, and why we can only in rare cases supply the gaps 
in the series of these strata from strata found in other countries. 
The whole succession of formations known to us up to the present 
time is not sufficiently complete to form an entire and uninterrupted 
series of the sedimentary formations. There are still numerous and 
important gaps in the geological record which we may expect to 
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see filled in future days, when knowledge has increased, and per- 
haps only when formations now beneath the sea have become known 
to us. 

Imperfection of the Geological Record.- -After the foregoing dis- 
cussion we may consider that the continuity of living organisms in 
the successive periods of the earth’s development and their close 
relationship has been proved partly by geological and partly by 
palaeontological facts. The theory of descent, however, according to 
which the natural system must be regarded as a genealogical tree, 
requires still further proof. It requires proof of the presence of 
numerous forms, transitional not only between the species now 
existing and those in the more recent formations, but also between 
the species in all those formations which have immediately succeeded 
one another in point of time. The theory also demands proof that 
forms connecting the different groups of plants and animals of the 
present day have existed. The establishment and limitation of these 
groups can, according to Darwin, only be explained by the extinction, 
in the course of the earth’s history, of numerous and intimately 
connected species. Palaeontology is only able imperfectly to comply 
with these demands ; for the numerous closely graduated series of 
varieties which, according to the theory of selection, must have 
existed, are, for the greater number of forms, entirely wanting in 
the geological record. 

This want, however, which Darwin himself recognised as an 
objection to his theory, loses its importance when we consider the 
circumstances under which organic remains were generally deposited 
in mud, and preserved for succeeding ages in a fossil form ; when 
we recognise the facts which indicate the extraordinary incomplete- 
ness of the geological record, and which show that the intermediate 
forms must have been in part described as species. 

First of all we can only expect to find in deposits the remains of 
those organisms which possessed a firm skeleton supporting the softer 
parts of the body, since it is only the harder structures of the body, 
such as the bones and teeth of Vertebrates, the calcareous and 
silicious shells of Molluscs and Rhizopods, the shells and spines of 
Echinoderms, the chitinous skeleton of Arthropods, etc., which are 
able to resist rapid decay, and to undergo gradual petrifaction. 
Thus the geological record will fail to provide us with any account of 
the numerous and principally low organisms which are not pro- 
vided with firm skeletal structures. 

But also among those organisms which are capable of becoming 
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fossilized, there are large groups which have only exceptionally left 
traces of their existence : these are the animals whicli lived on land. 
Fossil remains of land animals can Only have survived when, during 
great floods or inundations, or for some reason or other their carcasses 
have been carried away by the water, floated hither and thither, and 
been surrounded Anally by hardening mud. This explains not only 
the relative scarcity of fossil Mammalia, but also the fact that of 
the most ancient Marsupials (Stonesfield slate), scarcely anything 
is preserved but the underjaw, which, as the body decayed, was 
easily detached, and, on account of its weight, offered most resist- 
ance to the current of the water, and was the first part to sink to 
the bottom. Although it has been shown by such remains that 
Mammalia existed in the Jurassic period, yet the Eocene forms 
are the first which give us an insight into the details of their 
structure. 

Circumstances must have been more favourable to the preservation 
of fresh-water animals, and most of all to that of marine animals, 
since the marine deposits have a much greater extent than the 
locally confined fresh-water deposits. Thick formations seem in 
general to have arisen under one of two conditions : either in a very 
deep sea, protected from the operation of winds and waves, no 
matter whether the bottom was gradually rising or sinking — in this 
case, however, the strata would be relatively poor in fossils, since 
only the inhabitants of the deep sea, which is comparatively wanting 
in animal and vegetable life, would be preserved — or in a shallow sea, 
in which the bottom underwent a gradual and continued depression 
during long periods of time favourable to the development of a rich 
and varied fauna and flora. In this case the sea would have retained 
uninterruptedly its rich fauna so long as the gradual sinking of 
its bottom was counteracted by the continual supply of sediment 
deposited upon it. Tliick formations, all or most of the strata of 
which are rich in fossils, must have been deposited on extended and 
very shallow regions of the sea, during a long period of gradual 
depression. 

Thus the great gaps which occur in the series of palaeontological 
remains are explained by a consideration of the mode of origin of 
deposits. These remains must necessarily be confined to the more 
recent formations. The lower, more ancient, and very thick succes- 
sions of strata in which the remains of the oldest fauna and flora 
must have been buried, seem to have been so completely altered by 
the heat of the molten interior of the earth, that the organic 
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residua which they contain have been completely destroyed, or so 
altered that they cannot be recognised. 

In any case it may be regarded as certain, that only a small part of 
the extinct animal and vegetable world has been preserved in a 
fossil state, and that of this we only know a small part. Therefore 
we cannot conclude that, because the fossil remains of intermediate 
stages cannot be found, they have never existed. 

If fossilized transitional forms are wanting in the strata where 
they should have occurred, or if a species suddenly appears in the 
middle of a series of strata and suddenly disappears, or if whole 
groups of species make their appearance and quickly vanish, the 
value of these facts as arguments against the theory of selection 
is diminished by the circumstance that in certain cases series of 
transitional forms between more or less remotely related organisms 
have been found, and that many species have been developed in 
course of time as links between other species and genera ; and again, 
that species and groups of species not unfrequently increase veiy 
gradually till they attain an unusually wide distribution, extend 
into later formations, and then gradually disappear again. Such 
positive facts have a higher value when we consider the incomplete- 
ness of fossil remains. 

It will suffice here to refer to the Ammonites and Gasteropoda, 
such as Valvata multiformis , as examples supplied to us by Palaeon- 
tology of transitional forms which can be arranged in a gradual 
series. 

Relation of Fossil Forms with Living Species. — The close rela- 
tionship of the plants and animals of the present time to the fossil 
remains of recent formations is a fact of great importance. In 
particular, we find in the diluvial period and in the different tertiary 
formations the ancestral forms from which numerous living species 
are directly descended ; and further the characteristic features of the 
fauna of any particular geographical province in the present epoch 
are foreshadowed by the fauna of the epoch immediately preceding in 
the same region ; a fact which is proved by the fossil remains we find 
buried in the most recent strata. 

Many fossil Mammalia from the diluvial period and the most recent 
(pliocene) tertiary formations of South America belong to types of the 
order of Edentata which are now distributed in that part of the world. 
Sloths and Armadillos of immense size ( Megatherium , Megalonyx , 
Glyptodon , Toxodon , etc.) formerly inhabited the same continent, the 
mammalian fauna of which in the present day is so specially charac- 
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terised by its Sloths, Armadillos, and Anteaters. In addition to 
these gigantic forms, small and extinct species have been found in 
the bone caves of Brazil, and some of these are so nearly related to 
the living forms that we may assume them to have been their 
ancestors. 

This law of the “ succession of similar types ” in the same localities 
is also exemplified by the Mammalia of New Holland ; for in the 
bone caves of that country are found many species nearly allied to 
its present Carnivora. The same law holds good for the gigantic birds 
of New Zealand, and, as Owen and others have shown, for the Mam- 
malia of the Old World, which, indeed, is continuous by the circum- 
polar region witli North America ; and ancient types were able, in the 
tertiary period, to pass into North America, and vice versd by that 
way. The presence of Central American types ( Didelphys ) in the 
early and middle tertiary formations of Europe is to be explained 
in the same way. It is even more difficult to distinguish the regions 
of distribution of the animals of that time than of those of the later 
tertiary period. 

The evolution of the ancient forms into those of the present 
time was effected in the case of lower, simply organised animals 
at a much earlier period than in the case of higher organisms. 
Bliizopods, indistinguisliable from species living at the present 
time (globigerina ooze) were already living in the Cretaceous period. 
The deep sea explorations * have accordingly yielded the interesting 
result, that certain Sponges, Corals, Molluscs, and Ecliinoderms now 
living in the deep sea existed in the Cretaceous period. We meet 
with a number of living species of Molluscs in the oldest tertiary 
period, though the mammalian fauna of this period differs completely 
from that of the present day. The greater number of species of 
Molluscs found in the recent tertiary period resemble those of the 
present day, but the Insects of that formation differ considerably from 
living species. 

On the other hand, the Mammalia, even in the post-pliocene 
(diluvial) deposits, differ in part both in genera and species from 
those of the present day, although a number of forms have been 
preserved through the glacial period. On this account, and on 
account of the relative completenass of the tertiary remains, it is 

* {Itluzocrinus Lofotenxis — Apioerinites , Pin/ rot o maria, Siphon ia, Mir ranter, 
Pomorar/n , etc.) Types of earlier and even of the older geological formations 
have been found preserved in the depths of the ocean, which, in spite of the great 
pressure, the want of light and deficiency in gaseous contents of the water, are 
more suited to the development of animal life than was formerly believed. 
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especially interesting to trace the recent mammalian fauna back 
through the pleistocene forms to the forms of the oldest tertiary 
period. It is possible to trace the ancestry of a number of mam- 
malian species. Riitimeyer was the first to undertake to trace out the 
ancestral line of the Ungidata , and especially of the Ruminantia, 
so as to obtain a palaeontological developmental history, and succeeded 
in obtaining results, by means of detailed geological and anatomical 
(deciduous teeth) comparison, which leave no room to doubt that 
whole series of species of existing mammalia are collaterally or 
directly related with each other and with fossil species. Riitimeyer’s 
investigations have received corroboration in their essential points 
from the recent comprehensive works of W. Kowalevski, and have 
resulted in the establishment of a natural classification of the ungulate 
animals founded on phylogeny. 




A 

Fig. 117. — Bones of the feet of the different genera of the Eg u ida (after Marsh), a, Foot of 
Orohippu* (Eocene), i, Foot of Anchithenum (Lower Miocene), c, Foot of Htppunon 
(Pleiocene). d, Foot of the recent genus Egnus. 

In addition to these works we have the recent researches of 
Marsh, who has completed to an extraordinary degree our knowledge 
of the genealogy of the genus Equus, by numerous discoveries 
(tig. 117) in America (Wyoming, Green River, White River). The 
eocene Orohippus, in which the small posterior toes were present as 
well as the three principal toes which rested on the ground, was 
succeeded in the Lower Miocene formation by Anchitherium with 
three hoofs ; and the latter was followed by the llipparion of the 
Pleiocene formations ; and this is the ancestral form of the existing 
genus Equus . 

The origin of most orders of Mammalia, such as Rodentia, Cheirop- 
tera, Proboscidea, Cetacea, etc., cannot be clearly traced out, but 
for certain orders, as the Prosimia >, Carnivora, Ungulata, and Ro- 
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dentia, remarkable transitional forms have been discovered among 
the remains of extinct types. These also appear most prominently 
among the tertiary remains of North America. In the Eocene 
period here (Wyoming) lived the Tillodontla with the genus Tillo- 
therium ,* characterized by having a broad skull like a bear, two broad 
incisor teeth like a rodent, and molar teeth like Palceotherium , and 
feet having five toes armed with strong claws. It thus united in 
its skeletal structure peculiarities of Carnivora and Ungulata. The 
Dinocerata (Dinoceras laiiceps mirabile) were powerful Ungulates 
with five toed feet with six horns on their heads, without incisors in 
the premaxillary bone, with strong sabre- like canine teeth in the 
upper jaw and with six molars. 

A third type, that of the Bront other id<e attained elephantine 
proportions, and was provided with transversely placed horns in front 
of the eyes. In addition to the foregoing there are a number of 
other groups of Mammals now completely extinct, the remains of 
which extend back into far earlier strata. Amongst them are the 
South American Megatheridcc ( Mylodon , Megatherium ), which belong 
to the ol der Edentata, and the To.vodoutia , whose skull and dentition 
show relations to the Ungulates, Rodents, and Edentates. Many 
other types, however, especially of the Ungulates, whicli during the 
tertiary period inhabited both hemispheres, are now extinct in 
America, but still exist in the East. Elephants, Mastodonta, 
Rhinoceridae, and Equidse existed in America in the diluvial but 
not in recent periods. Of the Perissodactyles the group of Tapirs 
alone is preserved in America. This group has also been preserved 
in the Eastern hemisphere in the East Indian species. 

In the pahearctic region also are found the remains of extinct 
intermediate groups of Mammals which existed during the tertiary 
period. In the Phosphorites of Quercy t in the south of France are 
found the remains of the skulls of Prosimiaj (Adajns), the dentition 
of which is intermediate between the ancient Ungulates and the 
Lemuridae {Pachy lemur idee), so that the question may be raised 
whether the Prosimise had not a common ancestry with several 

* Compare O. C. Marsh, ‘‘Principal Characters of the Tillodontia.” Anier. 
Journal of Science and Art , Vol. xi., 1876. 

O. C. Marsh, ‘’Principal Characters of the Dinocerata.” Ainer. Journal oj 
Science and Art , Vol. xi., 1876. 

O. C. Marsh. “ Principal Characters of the Brontothcridae.” Anier. Journal 
of Science and Art, Vol. xi., 1876. 

j* Compare H. Filhol, “ Recherches sur les Phosphorites du Quercy, It tude 
des fossils qu’on y rencontre et sp^cialement des Mammiferes.” Ann. Science a 
g&ologiqucx, Vol. vii., 1876. 
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eocene Ungulates ( Pachydermata ). In the same locality are found 
the well preserved remains of the bones of peculiar Carnivora which 
are well worthy of remark. These are the Hyaenodonta. It was for 
a long time doubtful whether they were Marsupials or not, until 
Filhol showed from the reserve teeth of their permanent dentition 
that they were probably of the nature of placental Carnivora. The 
great agreement of the molars of these Hyjenodonta with those of 

the carnivorous Mar- 



supials, as well as the 
small size of the skull 
cavity and the rela- 
tively slight develop- 
ment of the brain, 
support the view, 
which is also rendered 
probable by many 
other circumstances, 
that placental Mam- 
malia have developed 
from the Marsupials 
of the mesozoic 
period. 

In the oldest strata 
of the Eocene forma- 
tions in both hemi- 
spheres, the higher 
placental Mammalia 
already appeal’ in a 
rich variety of forms, 
which contrast mark- 
edly with one another 
( Artiodactfjla , Peris- 
sodactyla). There is, 
however, no ground 


for Regarding the immeasurable period from the oldest Eocene to the 
Keuper, in which the oldest Mammalian remains (the teeth and 
bones of insectivorous Marsupials) have been found, as the period in 


which this higher development of the Mammalian organism has been 


effected. 


In^ other cases also the science of palaeontology has led to the 


discovery of intermediate forms between groups and even between 
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classes and orders. The Labyrinthodonta, the most ancient of the 
Amphibia, found as early as the carboniferous period, present many 
piscine characters (ventral exoskeleton), and have a cartilaginous 
skeleton. Many fossil orders and sub-orders of Sauiians (Halo- 
sauridce , Dinosauridie, Pterodactylidia j (fig. 118), Thecodontidce) have 
not left a single representative in the present day ; others again are 
transitional between recent orders. Such a relation has, for example, 
been recently shown between the “ Pythonomorphous ” lizards (related 
to the genus Mosasaurus ) from the chalk in America, and serpents 
so far as the structure of the skull and jaw is concerned. 

Owen’s researches on the fossil Reptiles of the Cape have shown 
that certain Reptiles (Theriodonta) once lived there which showed 
a close resemblance to carnivorous Mammalia with regard to their 
dentition and the structure of tlieir feet. The teetli of these 
animals, though only furnished with one root, can be divided into 
incisors, canine teeth, and molars, a fact which induces us to believe 
it possible that the dentition of the most ancient Marsupials hitherto 
known (Keuper) may be derived from that of a Theriodon- like 
Reptile. 

Even as regards birds, a class so uniform in structure and so 
sharply defined, a form (Archaeopteryx l it h oyraph ica ) (fig. 119) 
transitional between them and Reptile lias been discovered in the 
Sohlenhofen slate, although the impression was not perfect. Tn this 
form the short tail of the bird is replaced by a long reptilian tail 
composed of numerous (20) vertebrae and provided with two rows 
of feathers (Saururw). The articulation of the vertebral column 
and the structure of the pelvis indicated an affinity to the long-tailed 
Pterodactyls. 

The discovery of a second and more perfect specimen of Archaeop- 
teryx has made known to us its dentition. It had sharp-pointed 
teeth wedged into the jaws. Other types of birds have also been 
found in the American chalk, which diverge more widely among 
themseves and from the Saurians than do the birds of any living 
order. These were defined as Odontomithes by Marsh,* and dis- 
tinguished as a sub-class ; they had teeth in the jaws, which latter 
were elongated to form a kind of beak. Some of them (Order 
Ichthyornithes) had biccelous vertebra 1 , a crista stemi, and well 

* O. C. Marsh, “ On a new sub-class of fossil Birds ( Odontomithes ). T 
American Journal of Science and Art . Vol. v., 1873. 

O. C. Marsh, “ On the Odontornithes, or birds with teeth. ’ American 
Journal of Science and Art , Vol. x.. 1875. 




Fig 110 — Archaeopteryx lifhographica 


bedded m pits, normal vex te brae, no keel to the breast-bone, and 
rudimentaiy wings. They were not capable of flight ( Hesperomis , 
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Lestomis). Possibly in future days we shall be able by the dis- 
covery of new types to establish the connection with the Dino- 
saurians ( C ompsognathus), the formation of whose pelvis and feet 
offer a closer relationship to those parts in birds. 

Advance towards perfection. — If we compare the animal and 
vegetable life of the most ancient formations with that of the sue 
ceeding periods of the earth’s development, it becomes evident that 
there has been, on the whole, a continual progress from a lower to a 
higher condition. The oldest formations of the so-called archcean 
time, the rocks of which are for the most part in a metamorphic 
state, must from their enormous thickness have occupied immea- 
surable time in their origin. They contain no fossil remains which 
can be recognised with certainty as such ; although the presence of 
bituminous gneiss in the old formations is a proof of the existence 
of organic bodies at that time. All the organisms of these most 
ancient periods, which were certainly numerous, have been de- 
stroyed without leavihg any further traces than the Graphite 
deposits of the crystalline schist. In the most ancient and very 
extensive groups of strata we find exclusively cryptogamous plants, 
especially Fuci, which formed extensive forests beneath the sea. 

The warm seas of the primary period were inhabited by numerous 
sea animals of very different groups, such as Zoophytes, Molluscs 
(especially BracJtio]>oda), Crustaceans (larva-like Jfymenocaris, Tvilo- 
bites), and Fishes whose peculiar armoured forms ( ( leph aiaspidat) 
indicate a low stage of organization. In the coal formations we 
meet for the first time with the remains of land animals, Amphibia 
( Apatheon , Archrgosaurus ), with a notochord and a cartilaginous 
skeleton ; we also find Insects and Spiders; and in the Permian 
formations we meet with large lizard-like reptilian forms ( Pr otero - 
saurus); while fishes, exclusively Elasmobranchs and Ganoids with 
a notochord, and vascular cryptogamous plants (Tree-ferns, Lepido- 
dendra, Calamites, Sigillaria, Stigmaria) still predominate. 

In the carboniferous period isolated instances of the Lizards 
amongst Vertebrates and of Conifera? and Cycadiee amongst plants 
had already made their appearance ; but in the secondary period they 
obtained such a preponderance that the whole period has been named 
from them the period of Saurians and Gymnosperms. Amongst 
the first the colossal Dino saurians living upon the land, the flying 
Lizards or Pterodactyls, the Halosaurians, with their best known 
genera Ichthyosaurus and Plesiosaurus , are entirely peculiar to the 
secondary period. 


12 
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Examples of Mammalia, although scarce, are found in the upper 
Triassic beds, and also in the Jurassic. Such Mammalia belong 
without exception to the lowest grade of Marsupials. Flowering 
plants appear for the first time in the chalk, as do the oldest remains 
of distinctly bony fishes. 

Flowering plants and Mammalia — and amongst the latter the 
highest order of Apes is represented — so preponderated in the 
tertiary period that it has been called the period of leafy forests and 
Mammalia. The plants and animals of the upper tertiary beds show 
a gradually increasing resemblance to those of the present time, the 
higher we ascend in the series. Numerous lower animals and plants 
are identical, not only generically but also specifically with those 
now living, and the genera and species of the higher animals have 
a greater resemblance to those of the present time. With the 
transition to the diluvial and recent epoch, the number and area of 
distribution of the higher types of flowering plants increase, and in 
every order of Mammalia we find forms whose structure is specialized 
more and more in definite directions, and which therefore appear 
more perfect. In the diluvial age we find the first unmistakable 
traces of the existence of Man. ITis history and the development of 
his civilization has occupied only the last portion of the recent period 
which has been relatively so short. 

Despite its great incompleteness the geological record affords 
sufficient material to prove the existence of a progressive develop- 
ment from simple and lower grades of organization to higher, and 
to confirm the law of a progress towards perfection in the succession 
of the groups. We are indeed unable to make use of more than 
a small period of the time that has been occupied in this progress 
towards perfection of organisms, since the organic world of the most 
ancient and extensive periods has completely disappeared from the 
record. 

If, after the above discussion, we consider the hypothesis of Trans- 
mutation of Species and of Descent to have a firm foundation on fact, 
we must concede a high value to Darwin’s theory of Selection as an 
explanation of the manner in which the transmutation of species has 
been effected. 

There are yet natural historians who admit the great changes 
which the animal and vegetable world have undergone, and yet 
combat the Darwinian principle of Selection, without being able to 
give any other explanation. The phenomena of gradual progress 
towards perfection agree very well with the theory of Selection. 
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Natural Selection leads, on the whole, to a progressive differentiation 
of organs (division of labour), since it preserves any peculiarities 
which are of use in the struggle for existence, and thus tends to the 
perfection of the organism. We can therefore connect the progress 
of simple types to higher ones with the principle of utility implied 
by Natural Selection, without being obliged, with Nageli, to have 
recourse to the obscure notion of an inexplicable tendency towards 
perfection. It is the latter mystical supposition, and not Natural 
Selection, which is contradicted by the fact that we find a number of 
Rhizopods, Molluscs, and Crustacea (e.g., the genera Lingula , 
Nautilus , Limulus) have existed almost without alteration from the 
earliest formations through all the geological periods to the present 
time, and by the observation of a retrogression of organization in 
the course of development (e.g., retrogressive metamorphosis of 
Parasites). 

Nor again can it be objected that on the hypothesis of Natural 
Selection the lower types should have been long ago suppressed 
and have become extinct, while, as a matter of fact, there are higher 
and lower genera in every class, and the lowest organisms are 
numerous and widely distributed. It is precisely the great variety 
in the degrees of organization which brings about and is favourable 
to the greatest development of life, all the forms of which, both the 
higher and the lower, being best suited to their peculiar circumstances 
are able, more or less perfectly, to occupy a special place in nature, 
and in a certain sense to maintain it. Even the most simple 
organisms occupy a place in the economy of nature which can be 
filled by no other organisms, and are necessary to the existence of 
numerous higher grades. 

However well grounded we admit the theory of Selection to be, we 
cannot accept it as in itself sufficient to explain the complicated and 
involved metamorphoses which have taken place in organisms in 
the course of immeasurable time. If the theory of repeated acts 
of creation be rejected and the process of natural development be 
established in its place, there is still the first appearances of organisms 
to be accounted for, and especially the definite course which the 
evolution of the complicated and more highly developed organisms 
has taken has to be explained. In the many wonderful phenomena 
of the organic world, amongst others in the origin of Man in the 
diluvial or tertiary period, we have a riddle the solution of which 
must remain for future investigators. 
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CHAPTER VI. 

PROTOZOA. 

Animals of simple constitution and small size ; without tissues com- 
posed of definite cells. Sexual reproduction by means of ova and 
spermatozoa unknown . 

From a morphological point of view the Protozoa have remained 
at the stage of cells, in the protoplasm of which one 01* more nuclei 
may be present. The phenomena of segmentation of the egg and 
formation of the germinal layers are therefore absent from their 
development. The body is always composed of a contmctile granular 
substance, filled with vacuoles ; it may also contain a pulsating vacuole, 
and present the phenomenon of granule currents. The pulsating 
vacuole consists of a space without walls filled with a clear fluid. 
This space apparently diminishes and disappears through the contrac- 
tion of the surrounding plasma, and then re-appears. 

There exists, however, in the varying differentiations in the 
interior of the saroode body, and in the differences in the external 
boundary, and in the manner of nourishment, a number of modi- 
fications which we shall use for the foundation of groups. In the 
simplest cases, the entire body consists of a small lump of sarcode, 
the contractility of which is confined by no firm external membrane. 
This lump of sarcode is sometimes semi-fluid, and protrudes and 
retracts processes. It is sometimes of tougher consistence in parts, 
and protrudes hair-like rays and threads (Rhizopoda). Nourishment 
takes place through the intussusception of extraneous bodies, which 
can be surrounded and enclosed by the protoplasmic substance at any 
portion whatsoever of the periphery of the body. Tn other cases the 
body which sends out slender processes (pseudopodia) secretes 
silicious or calcareous needles, lattice-work shells, or shells perforated 
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by holes, to shelter and protect the body ( Fora mini/ era, Radiol aria). 
In the Infusoria the sarcode body is bounded by an external mem- 
brane, and is capable of quick and varied locomotion by means of the 
movements of the cilia, hairs, bristles, etc., which it possesses. The 
solid nourishing matter is taken in through a mouth, and the 
remainder, after digestion, passes out through an anal aperture. 

CLASS I. — RHIZOPODA.* 

Protozoa without external investing membrane, the 'parenchyma of 
which protrudes and retracts processes ; as a rule , a calcareous shell or 
silicious skeleton is secreted . 

The body-substance of these animals, the shells of which were 
described as Foraminifera or Polytludamia , long before their living 
contents were 
known, consists 
of sarcode , and 
is without any 
boundary mem- 
brane. 

The body- 
sub stan ce, 
which is richly 
granulated and 
contains pig- 
ment, contracts 
slowly and 
sends out at the 
same time fine 
thread-like ra ys 
(fig. 120), for 
the most part 
of a semi-fluid 
consiste ncy 

( pseudopodia), and these serve not only as a means of movement but 
also for the reception of nourishment. The pseudopodia may, how- 

* Dujardin, “Observations sur les Rhizopodes ” ( Comptnt rt /idvs, 1835). 
Ehrenberg, “ Uber noch jetzt zahlreich lebende Thierarten der Krcidebi Idling 
und den Orgamsmus dcr Poly thalamic n ” ( Abhandltniy der Aktid. zu Jit rlt/t, 
1839). Max Sigm. Schultze, “Uber den Orgamsmus der Polythalamien 
(Leipzig, 1854). Joh. Muller, “ Uber die Thalassicolen, Polycystmen und Aoan- 
thometrcn ” (1858). E. Haeckel, “Die Radiolanen” (Eme Monographie. 
Berlin. 1862). 



Fig 120 —Optical section through portion of the sarcode body of 
Actmonph aerium Eushhornn (after Hortwig and Lesser) N, nuclei 
m the endosark, from which, the vacuolated ectosark is clearly dis- 
tinguishable. In the centre of the pseudopodia the avial thread is 
visible. 
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ever, be broad, lobed, or finger-like processes by means of which a 
quick and flowing motion can be imparted to the body mass. A 
tougher, clear homogeneous external layer ( Exoplasm ) is usually to 
be distinguished as the peripheral Ixmndary from a more fluid and 
more granular internal mass (JtJridoplasm), During motion the 
former is projected in processes into which the granules of the latter 
stream more or less quickly. 

In the stiffer pseudopodia streams of granules are observable, slow 
but regular, passing from the base to the extremity and vice versd. 
The explanation of these movements is to be sought in the contractility 
of the surrounding portions of sarcode (fig. 120). 

A pulsating space, the contractile vacuole, is not unfreqently to be 
found in the sarcode, e.g., Bifflugia , Actinophrys, Arcella (fig. 121). 
Nuclei are also usually present in the sarcode, by which the morpho- 
logical value of the Rhizopod body as cell or as cell aggregate is 

placed beyond all doubt. There are 
^ jf also forms in the protoplasm of 

ji ^ t which no trace of a cell nucleus lias 
// U /y been found. In such either the 
b* protoplasm of the nucleus is not yet 

^ differentiated as a separate structure 

M — ,v (the Monera of E. Haeckel), or we 

have to do with a transient, non- 

nucleated stage in the life-history. 

^ The sarcode usually secretes sili- 

^ cious or calcareous structures, either 

’V // ‘ d as fine spicula and hollow spines 

(/ / \ x which are directed from the centre 

* to the periphery in regular order 

FIG 121-A^la fflactylonphara) poly- and number 0 1 ‘ US lattice-WOrk 
podia (after Fr. E. Schultze). N, Nu- 

cieus. Po. pulsating vacuole. chambers ( Badiolaria ), which often 

bear points and spines, or finally 
as single and many chambered shells with finely perforated walls 
( Foraminifera ) and one larger opening. Through this last (fig. 
123), as well as through the countless pores of the small shells (fig. 
122), the slender threads of sarcode pass out to the exterior as 
pseudopodia, changing without intermission in form, size, and 
number, and often joining themselves together in delicate networks 
(figs. 122, 123). 

The pseudopodia, by their slow, creeping movements, afford a means 
of locomotion, while they also serve for the taking up of nourishment 






Fig. 121 . — Amoeba (Dactylonphoera) poly- 
podia (after Fr. E. Schultze). N, Nu- 
cleus. Pv, pulsating vacuole. 
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by surrounding and transporting into the interior of the body small 
vegetable organisms as Bacillaria. Among the shell-bearing forms, 
the reception and digestion of food takes place outside the shell in 
the peripheral threads and networks of sarcode ; for each spot on the 
surface can for the time being assume the functions of mouth, and 



Fig. 122. — Rotalia veneta (after M. Schultze), with a Diatom taken in the network of 

Pseudopodia. 

also of anus, by rejecting the undigested remnants. The Rhizopoda 
live for the most part in the sea, and contribute by the accumulation 
of their shells to the formation of the sea sand, and even to the 
deposition of thick strata. An innumerable quantity of fossil forms 
from various and very ancient formations are known. 
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Order 1. — Foraminiiera * 

Bht'zopoda , either naked or with a shell, the shell almost invariably 
calcareous and usually pierced with fine poies for the exit of the 
pseudopodia . 

Only m rare cases, foi instance Nomonma and Poly mm pinna, is 
the shell substince of a silicious nature, in all othei forms it is 



Fig 123 —Miliola tenera, with network of pseudopo lia (aftei M. Schultze) 


membianous or consists of a calcareous deposit m a basis of organic 
matter The shell is either a simple chamber, usually provided with 
a large opening, or is many chambered, that is, is composed of 
numerous chambers arranged upon one xnothei according to definite 
laws The spaces of these chambers communicate by means of narrow 

* Besides D’Oibigny, Max Schultze, 1 c compaie W C Williamson * On the 
recent Foramimfcia of Great But am ” London 1858 Carpenter ‘Introduc- 
tion to the Study of the I oramimfera * London 1862 Reuse, ‘ Entwurf uner 
system Zusammcnstellung dei Foiamimfeu n,” Wien, 1861 
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passages and large openings in the partition walls. In like manner 
those portions of the living sarcode body which are enclosed in the 
individual chambers are in direct communication with one another 
by means of processes which pass through the passages and openings 
in the septa, and connect one portion with another. The quality of 
the body-substance, the mode of movement and nourishment, agree 
closely with those which have been depicted as characteristic of the 
order. Our knowledge of the mode of reproduction is imperfect. 
Amongst the forms without a shell, fishion has been observed as well 
as fusion, which may perhaps be referred to a species of sexual 
reproduction ( conjugation ). The reproduction of shell-bearing 
Foraminifera such as Miliola and Rotalia has also been observed. 
The former produces from the protoplasm of its body single 
chambered, the latter three chambered, young. Probably this mode 
of reproduction is preceded by an increase in the number of nuclei, 
and the animal divides into as many portions as there are nuclei, 
each of which becomes a young Foraminifer, and contains but one 
nucleus. 

In spite of their small size, the shells of our simple organisms may 
lay claim to no small consequence, since they not only accumulate in 
enormous quantity in the sea sand (M. Schultze calculated their 
number for an ounce of sea sand from Molo di Gaeta at about one and a 
half millions), but are also found as fossils in different formations (the 
cretaceous and tertiary), and have yielded an essential material to the 
construction of rocks. Silicious nodules of Polytlialamia are even 
found in Silurian deposits. The most remarkable, on account of 
their considerable size, are the Nuninudites (fig. 124) in the thick 
formation of the so-called Nummulite limestone (Pyrenees). A coarse 
chalk of the Paris basin, which makes an excellent building stone, 
contains the Triloculina trlgonula ( Miliolite chalk). 

The greater number of Foraminifera are marine, and move by 
creeping on the bottom of the sea, but Globigerina and Orbulina have 
been met with on the surface. The bottom of the sea at very consider- 
able depths is also covered with a rich abundance of forms, especially 
with Globigerina, the remains of the shells of which give rise to an 
enduring deposit. 

1. Sub-order : Lobosa ( Amocbifortties ). — Amoeba-like fresh -water 
Rhizopoda, usually with pulsating vacuole, sometimes naked, some- 
times with a single-chambered firm shell. The sarcode body consists 
as a rule of a tougher exoplasm and a fluid granular endoplasm. 
The pseudopodia are lobed or finger-shaped processes of considerable 



186 


PBOTOZOA. 


size, occasionally tougher slender processes without granule streams 
(figs. 125 and 126). 

Amoeba pr in ceps Ehrbg., J. t err i col a Greof., Petalopvs difflvfjinttt Clap. 
Lachm. Here should also be placed the famous Batlujlnus Ilaeclieli Huxl., 
which is found in the deep sea mud of the Atlantic Ocean, if it is indeed a 
living organism (and not simply a deposit of Gypsum). 

Arcrfhi euhjarh Ehrbg., Dt ffl ug id prof el form U Khrbg., Eughjplui globosa 
Cart, have shells and tough, pointed, dichotomously branching pscudopodia 
(fig. 125). 



Fig. 125 — Eitglgjtha glohoea Fig. 127. — Acrrvuhna globosa 

(after Hertwig 1 and Lesser) (after M Scbultze). 


2. Sub-order : Reticularia (Thai amopli ora ) . Principally marine 
Rhizopods with extremely slender anastomosing pseudopodia, with 
granule streams in the latter* rarely naked {Protogenes, Lieber - 
kiihnia ), usually with membranous or calcareous shell, which is 
single-chambered (. Monolhalamia ) or many-chambered \Polythalamia) 
(fig. 127). 
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1. Impcrforata . With membranous or calcareous shell, which is without fine 
pores, but possesses, in one place, an opening, either simple or sieve-like, through 
which the pseudopodia project. To these belong the Grom id a *, with a mem- 
branous chitinous shell : Gromla oviform in Duj., and Miliolidrr . with a 
poroellanous shell : Corn mpi ra planorbix M. Sell,, Miliola cyrlostoma M. Sch., 
from the Miliolite chalk. 

2. Perforata. The shell, which is usually calcareous, is invariably pierced with 
innumerable fine pores as well as by one larger opening, and lias complicated 
passages in the partition walls of its chambers. 

The Lay on id <p have a hard shell, with a large opening surrounded by a 
toothed lip : Layma rul y aids Williamson. 

The Globiyrritiidce on the contrary have a hyaline shell pierced by large 
pores, and a simple slit-like open- 
ing : Orbul'nia vni versa TV Orb.. 

Globiyerina bit! hi dm D’Orb.. 

Rotalia D’Orb., Text ala rid \ 

D’Orb. \ 

The greatest size is attained 
by the Num mvlinidcp. which 
possess a firm shell and an in- 
ternal skeleton, which last is 
pierced by a complicated canal 
system : Pol yst amelia Lam., 

Nmnmul'um D’Orb. 

Order 2. — Heliozoa.* 

Fresh-i eater li hizo pods 
usually with pulsating vacu- 
ole , and one or more nuclei . 

A radial silicious skeleton 
sometimes present . 

The barcode body bends / j 

out in all directions tough j 

radiating pseudopodia (fig. | 

When a skeleton is 128 . — Young Actinottphanum, still with a 

secreted, it consists either of single nucleus (at ter F. E. Schultze). N, Nucleus. 

radially arranged silicious 

spines ( Accmthocystis ) or of latticed silicious shells ( Clathrulina ), 
and so closely resembles the skeleton of the Radiol aria that the 
Heliozoa have been actually described as fresh- water Radiolarin . 

They differ from the Radiolaria in the absence of the complicated 

* L. Cienkowski, 44 Ueber Clathrulina .” Arehiv. fur mi hr i mb. Anatom if f 
Tom III., 18fi7. R. Greeff, • 4 Ueber Radiolarien und radiolarienahnliche 
Rhizopoden des siissen Wassers.” Tom V, & XI. R. Hertwdg und Lesser, 
44 Uber Rhizopoden und denselben nahe stehonde Organismen.” Suppl. Tom 
X., 1874. Also Archer and F. E. Schultze, etc. 
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differentiations of the saicode, particular ly of the centra) capsule. 
One or more nuclei may be present m the cential mass An im- 
portant distinguishing maik is afforded by the presence of the 
pulsating vacuoles, which have not been observed m any marine 
Radiolanan 

The reproduction very frequently takes place by fission, occasionally 



BADIOLABIA. 


189 


Order 3. — Radiolaria.* 

Marine Rhizopoda with complicated differentiation of the sarcode 
body , with central capsule and radial silicious skeleton . 

The barcode body contains a membranous porous capsule (the 
central capsule ), in which is contained a tough slimy protoplasm 
with vacuoles and granules ( intracapmlar sarcode), fat and oil 
globules, and albuminous bodies, and more rarely ciystals and con- 
cretions. The intracapsular mass contains also a single large nucleus 
or several small nuclei. The sarcode which surrounds the capsule 
and which emits on all sides simple or anastomosing pseudopodia, 
contains numerous yellow cells, sometimes pigment masses ; and in 
some cases delicate trans- 
parent vesicles, or alveoli, 
aie found in the peripheral 
layer between the radia- 
ting pseudopodia ( Thai as - 
sicolla pelayica , fig. 129). 

Many Radiol aria form 
colonies, and are composed 
of numerous individuals. 

In such colonies the al- 
veoli are placed in the 
common protoplasm, 
which contains in itself, 
not as in the monozoic 
Radiolaria a single cen- 
tral capsule, but a number FlG u0 _ A( a »f hornet > a Malle) I (after E Haeckel) 
of capsules. Only a few 

species remain naked and without film deposits; as a rule, the soft 
body possesses a silicious skeleton, which either lies entirely outside 
the central capsule ( Ectolithia ) or is paitially within it ( Entolithia ). 
In the most simple cases the skeleton consists of small, simple, or 
toothed silicious needles (spicula) united together, which sometimes 
give rise to a fine sponge work round the periphery of the proto- 
plasm, e.y.j Physematium* In a higher grade we find stronger hollow 
silicious spicules, which radiate from the middle point of the body 
to the periphery in regular number and order, e.y. y Acanthometra 

* Joh. Muller, “ Uebet die Thalassicollen, Polycystinen und Acanthometren,* 
Abb. dev Bvrh Ahad. 1858. E. Haeckel, “ Die Badiolanen ” Eme Monographie 
Berlin, 1862. 
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{fig. 130). A fine peripheral framework of spicules may be added to 
these. In other cases simple or compound lattice- works, and pierced 
shells of various external form (like helmets, bird-cages, shells, etc.) 
are found, and on the periphery of these, spicules and needles, and 
even external concentric shells of similar shape may be formed, 
e.g., Polycy8tina (figs. 131 and 132). 

Up to the present time but little has been made out about the 
reproduction of these animals. Besides fission ( Polycyttaria ), the 
formation of germs has been observed. These are formed from the 
contents of the central capsule, and, after the bursting of the latter, 
become free-swimming mastigopods. Radiolaria are inhabitants of 

the sea, and swim at the 
surface, but are also 
able to sink to deeper 
levels. 

Fossil remains of Ra- 
diolaria have been made 
known in great numbers 
by Ehrenberg, e.g. from 
the chalky marl and 
polishing slate found at 
certain parts of the coast 
of the Mediterranean 
(Caltanisetta in Sicily, 
Zante and ^Egina in 
Greece), and in particu- 
lar from the rocks of 
Barbados and Nikobar, 

Fig. 131 — Hehosphara echinoide* (after E Haeckel). where the Badiolaria 

have given rise to widely 

extended rock formations. Samples of sand also from very con- 
siderable depths have shown themselves rich in Radiol aria n 
shells. 

I. Madiolaria monozoa . Badiolaria which remain solitary. 

1. Fam. Thalaasicollid®. Skeleton absent oi consisting of single spicules 
not* joined together. TlialamcolU (without skeleton) nuchata Huxl., PJtyfte- 
wuzt'itt'M Mullen Schn. 

2. Fam. Polycystinid®. The skeleton consists of a simple or divided latticed 
shellf the long axis of which is bounded by two poles of different structure. 
Helionplicrra. Evcyrtidhun galea E. Haeck. 

3. Fam. Acanthometrid®. The skeleton consists of several radial spicules 
c hich pass through the central capsule and unite in its centre, without forming 
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a latticed shell. The cxti a-capsular cells (yellow bodies) are wanting. Aeuntlw- 
mttra pdlucida Joh Mull. 

II. Poltjcjttana , . Radiolana which form colonies with scveial central capsules 
Amongst the Sphaerozoa a skeleton is wanting 01 consists of single pieces not 
joined togethei. Collozoum ttierme E. Haeck. Sjritarozoum jmndatum Joh 
Mull. In Colloisphcevtt the skeleton consists of simple latticed spheres, each of 
which encloses a cential capsule, Collosphrem Uutlet/t Joh. Mull. * 



Fig 132 — Eucyrttdtum ct anoidee (alter K. Haeckel) 


CLASS 1 1 , — INFUSORIA. * 

Protozoa with a definite form and provided with an external 
membrane , bearing either flagella or cilia. Mouth and anus usually, 
contractile vacuole and one or more nuclei always present . 

Infusoria were discovered towards the end of the 17th century 

* Ehrenberg, “ Die Infusionsthieichen als vollkommcne Organismen,” 1838. 
Balbiam, ‘‘Etudes sur la Reproduction des Protozoan es,” Jour a. th la Ph tji., 
Tom, III. Balbiam, “Recherches sur les ph6nom6nes sexuels des Infusoires, 
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in a vessel of stagnant water by A. von Leeuwenhoek, who made 
use of a magnifying glass for the examination of small organisms. 
The name Infusoria, which was at first used to denote all animalculse 
which appear in infusions and are only visible with the aid of a 
microscope, was first brought into use by Lederm filler and Wrisberg 
in the last century. Later on the Danish naturalist O. Fr. M filler 
made valuable additions to our knowledge of Infusoria. He observed 
their conjugation and their reproduction by fission and gemmation, 
and wrote the first systematic work on the subject. O Fr. M filler 
included a much larger number of forms than we do now-a-days, 
for he placed among the Infusoria all invertebrate water animal- 
cuke without jointed organs of locomotion and of microscopical 
size. 

The knowledge of Infusoria received a new impulse from the 
comprehensive researches of Ehrenberg. The principal work of this 
investigator, “ Die Infusionstliierchen als vollkommene Organismen,” 
discovered a kingdom of organisms hardly thought of. These were 
observed and portrayed under the highest microscopic powers. Many 
of Elirenberg’s drawings may even yet be taken as patterns, and are 
hardly surpassed by later representations, but the significance of the 
facts observed has been essentially corrected by more recent investi- 
gations. Ehrenberg also conceded too great an extent to the group 
of Infusoria, including not only the lowest plants such as Diatomacew, 
Desmidiacea \ under the name of Polygastrica anenfera , but also the 
much more highly organised Motif era. As he chose the organization 
of the last-named for the basis of his explanations, he was led into 
numerous errors. Ehrenberg ascribed to the Infusoria mouth and 
anus, stomach and intestines, testis and ovary, kidneys, sense-organs, 
and a vascular system, without being able to give reliable statement of 
the nature of these organs. There very soon came a reaction in the 
way of regarding the Infusorian structure ; for the discoverer of the 
Mhizopoda , Dujardin, as well as Von Siebold and Kolliker (the latter 
taking into consideration the so-called Nucleus and Nucleolus ), referred 
the Infusorian body to the simple cell. In the subsequent works of 
Stein, Clapar&de, Lachmann, and Balbiani numerous differentiations 
were certainly shown to exist, which, however, can all be referred 
to differentiation of the body of the cell. This view is supported by 

Jovni. fie la Phijx., Tom. IV. Clapar6dc und Lachmann, ‘-Etudes sur les 
Infusoires et les Rhizopodes,” 2 vol. G6n6ve, 1858 — 1801. E. Haeckel, “Zur 
Morphologic der lnfusorien ” Jen Zeltsehrift, Tom. VII.. 1878. O Biitschli, 
“ Studien fiber die ersten Entwickelungvorgangc des Eizelle, die Zclltheilung 
und die Conjugation des lnfusorien,” Frankfurt, 1876. 
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^he more recent work of Biitschli, who has shown that the repro- 
duction of these animals is essentially similar to that of the cell. 

The outer boundary of the body is usually formed by a cuticle, a 
delicate, transparent membrane, the surface of which is beset with 
vibratile and moving appendages of various kinds arranged in regular 
order. In the smallest Infusoria, the FlageUata , we find only one 
or two long whip-like cilia; while the more highly differentiated 
Ciliata are usually richly provided with cilia. According to the 
varying thickness of the external membrane, which cannot in all 
cases be isolated, and according to the different condition of the 
peripheral parenchyma of the body, we get forms which change 
their shape, forms which have a fixed shape and armoured forms. 
If the simply organized Flagellata, which present numerous 
affinities and transitional forms to the Algse and Fungi, are not 
entirely removed from the region of the Infusoria, the two principal 
groups to be distinguished are the Ciliata and Flagellata . 

Order 1. — Flagellata.* 

Infusoria of small size , characterised by possessing one or more long 
whip-like cilia , usually placed at one end of the oval body . A row of 
cilia sometimes and a nucleus always present . 

The Flagellata are Infusoria the looomotive organs of which 
consist of one or more whip-like cilia, rarely with an accessory row 
of cilia. They pass through an inactive stage, and in their develop- 
ment as well as in their mode of nourishment are allied to certain 
Fungi. 

The reasons for regarding the Flagellata as Protozoa are — the perfect 
contractility of the body, which is not surpassed by Myxomycetes 
in the mastigopod stage ; also the contractility of the cilia, the 
apparently purposed and voluntary movements, the occurrence of 
contractile vacuoles , and, as has been established in many cases, the 
reception of solid substances into the body through an opening 
at the base of the flagellum. Nevertheless these phenomena are by 
no means a test of animal organization. 

The Monadince are a large group of Flagellata, found for the 
most part in putrefying infusions, and are hard to distinguish from 
the monads usually regarded as fungi. They reproduce themselves by 

* Besides Ehrenberg, Claparede, and Lachmann, loc. cit., compare Stein, 
“Organismus der Infusionsthiere,” Tom. HI., 1878. Biitschli, “Beitragezur 
Kfenntniss der Flagellaten,” Zeitsclir. fiir lf7w, Zool., Tom. XXX Dallmger 
and Drysdale, “ Researches on the Life-history of the Monads,*’ Monthly 
Microsoop . Journal, Tom. X. — XIII. 


13 
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transverse fission, and also by spore formation in an encysted condition; 
the latter method seems in many forms to be preceded by conju- 
gation. The best known species are Cercomonas Duj. and Trichomonas 
Donnd, of which the first is characterised by the possession of a caudal 
filament, while Trichomonas has an undulating row of cilia close to 
the flagella, which are usually two in number (fig. 133). They live 
principally in the intestines of Vertebrates, but are also found in 
Invertebrates. Gercomonas intestinalis Lambl. and Trichomonas 
vaginalis Donne, are found in Man. 

The Monads ,* which cannot be sharply separated from the 
Monadina % are simple cells free from chlorophyll, the swarm spores of 
which usually pass into an amoeboid stage, and after receiving nourish- 
ment enter upon a motionless stage characterised by the possession 
of a firm cell-membrane. A number of them (Monas, Pseudospora , 
Colpodella ), the so-called Zoospores , are mastigopods resembling the 

mastigopods (swarm spores) of Myxo- 
mycetes, and, with the exception of 
Colpodella , grow up to creeping Amoebae 
which protrude pointed pseudopodia. 
In this stage they may also be simply 
regarded as small plasmodia, especially 
when, as in Monas amyli , several masti- 
gopods fuse together to form the amoeba. 
They then take — in Colpodella without 
first entering the amoeba stage — a globu- 
lar form, their surface develops a membrane, and in this cyst they 
break up by division of protoplasm into a number of segments which 
pass out as swarm spores and repeat the course of development 
( Colpodella pugnax to C hlamydo monas, Pseudospora volvocis ). 

Other Monads, the so-called Tetraplasta ( Vampyrella , Nuclearid ), 
do not pass through the mastigopod (swarm spore) stage. Their pro- 
toplasm during the inactive encysted stage gives rise by division into 
two or four, to the same number of Aetinophrys-like Amoebae, of 
which some, like Colpodella , suck their nourishment from alga cells 
(Spirogyra, Oedogonia Diatomacea, etc.), and some envelope ex- 
traneous bodies. 

In mode of nourishment and locomotion the monads are allied to 
the Bhizopods, but also to lower fungus forms like Chytridium . 

f 

* L. Cienkowski, “ Beitrage zur Ken truss der Monaden,” Archtv f&r 
Mierask. Anatomte, Tom. I., 18615. L. Cienkowski, “Uber Palmellaccen und 
eimge Flagellaten, * Tom. VI., 1870. 





Pig 13 J — ff, Cercomonas xntestmalis. 
b, Truhomonas vaginalis after R 
Leuckart) 
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In their whole developmental cycle they agree very closely with uni. 
cellular algse and fungi; still the analogy to the developmental 
processes of many Infusoria, Amphileptus , is not to be passed over. 
Spumella vulgaris (ter mo Ehrbg.) of Cienkowski shows a somewhat 
different development and cyst formation ; it receives solid food (by 
aid of the food vacuoles) and is fixed by a fibre, as also Uhromidma 
nebulosa Cnk., and Ochracea Ehrbg. 

A second gi oup nearly allied to the Algse ( Protococcaeea ) is that of 
the Volvocinidoe. These organisms consist of colonies of cells united 
by a common gelatinous substance, and the following characteristics 
indicate their close relationship to the Algae: — (1) in the inactive 
stage they possess a cellulose membrane ; (2) they exhale oxygen ; 
(3) they possess an abundance of chlorophyll and of vegetable red or 
brown coloured oils. 



Fig 131 — Euqhna vtndut a and b,h ee swimming, in different states of contraction c,d,e , 
encysted and in process of division 


During the motile stage they possess the power of reproduction, 
since the individual cells give xise to daughter colonies inside the 
mother colony. A sexual reproduction (conjugation) has also been 
shown. Certain of the mother cells increase m size and divide into 
numerous microgonidia corresponding to spermatozoa ; others grow 
to large ovicells, which are impregnated by the former, and then 
surround themselves with a capsule, and sink to the ground as large 
star-shaped cells. They also reproduce themselves during their 
period of inactivity by fission within the cellulose capsule, while at 
the same time change of colour takes place. Amongst the best 
known of the Volvocina are Volvox globator , Gonium pectorale , Ste- 
Jihxmosphcpra pluvialis. 

The Astasiadce are contractile unicellulai Flagellata , which are 
allied to the Volvocinidai in their life phenomena, but they take up 
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solid nutriment. The best known genus is Euglena, which, according 
to Stein, has a mouth and gullet. 

In their inactive stage they secrete a capsule and divide up into 
parts which pass out as mastigopods. Euglrna viridis (fig. 134), E. 
8cmguinolenta . Another genus, also with a mouth, is Astasia Ehrbg. 
A. trichophora Ehrbg., with rounded posterior end, a very long flagel- 
lum, and an abruptly terminated anterior end. 4 

The genera Salpingoeca and Codosiga described by Clark were 
included by Biitschli under the name Cylicomastiges, on the ground 
that they possess a well-marked collar surrounding the basis of the 
flagellum, and corresponding to the collar on the entoderm cells of 
the Sponges (hence Clark regarded the Sponges as most nearly 
related to the Flagellata) ; Codosiga Botrytis Ehrbg, forming 

colonies, possessing food vacuole? 
which contain the solid bodies taker 
up as nutriment, with nucleus an< 
contractile vacuole. 

Salpingoeca Clarkii Biitsch. (th 
individuals of this species possess 
shell). 

Another group, the CUiojlage 
lata * is characterised by the posse 
sion of a row of cilia, situated in 
furrow of the hard cuticular exo- 
Fig. 135,-cw.™ tripe, (after skeleton (fig. 135), in addition to 
Nitzach). the flagellum. The Peridinice , some 

of which are of peculiar appearance, 
with large homed processes of the shell, belong to the group, and are 
allied, so far as their development is known, most nearly to the 
Euglmce . The mouth lies in a depression ; there is sometimes a 
kind of gullet, at the end of which the nourishing materials pass 
into a vacuole. In addition to the locomotive and armoured forms, 
there are also some without shell or organs of locomotion ; and again 
there are encysted stages in the interior of which At nmnber of sma ll 
young forms are said to take their origin ( Ceratium comutwrn Perhg., 
Peridinium tabidatum Ehrbg). 

Finally Noctiluca + is included in this group. It is an inhabitant 

* R. S. Bergh, “ Der Organismus der Cilioflagellaten,” Morph . Jahrh. Tom. 
VII. 

f L. Cienkowski, “ Ueber Noctiluca miliaria” Arehiv . fur microxh. Ana- 
tomie , 1871 and 1872. 
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of the sea, and possesses a peach -shaped body which is surrounded by 
a cuticular envelope, and bears a tentacle-like appendage. A furrow- 
like invagination is situate at the base of this appendage, at one 
end of which is the mouth close to a tooth-like prominence and a 
slender vibratile flagellum. The soft body consists of a central mass 
of contractile protoplasm, connected by fine and anastomosing threads 
with a layer of the same substance which lines the cuticular envelope 
of the body. In the central protoplasm lies a clear body, the nucleus, 
and the spaces between the radiating processes, which exhibit the 
phenomena of granule currents, are filled with fluid. The contractile 
substance extends into the appendage, and there assumes a cross- 
striped appearance (fig. 136). 



The reproduction takes place by means of fission (Brightwell), pre- 
ceded by division of the nucleus ; or by spore formation (Zoospores). 
In the latter case, the flagellum is absorbed or thrown off, and the 
Noctiluca assumes a spheroidal shape. After the disappearance of 
the nucleus, the sarcode contents accumulate on the inner side of 
one region of the cuticle, divide into from two to four masses which 
are not sharply separated from one another, and the cuticular envelope 
is thrust out into a corresponding number of protuberances. These 
buds increase and form numerous wart-like prominences, the future 
spores. They arise, therefore, at the expense of the protoplasmic 
contents of the disc, which is gradually exhausted in their for- 
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mat ion. The buds separate themselves from the membrane and 
become free as small spores, with nucleus and cylindrical appendage, 
to assume the Noctiluca form under circumstances which have as 
yet not been closely observed. According to Cienkowski, conjugation 
may take place between normal forms as well as between encysted 
forms. 


The Noctiluca owe their name to their power of producing light 
-a power which they share with numerous sea animals, such 

Medusae, Pyrosoma, etc. The light pioceeds 

8 from the peiipheial layer of piotoplasm. 

Under certain conditions they use fiom the 
depths of the sea to the suiface m such enor- 
mous numbeis as to cause wide tracts of the 
sea to give out a 1 eddish light. It is after 
Wi sunset, and especially in the evening, when 
the sky is ovei cast, that we get the beautiful 
J phenomenon of the phosphorescent sea. 
rf The species distributed m the North Sea 
and in the Atlantic Ocean is Noctiluca 
miliari8. Nearly allied is the Mediterranean 
Leptodiscus medusoides It. Heitwig. 


^ Order 2. — On iata.* 

flL III Ciliated Infusoria with mouth and anus 9 

sarcode body of complicated stricture ( with 
I ' \ endoplasm and exoplasm ), with nucleus and 

j \ paranucleus (nucleolus). 

PIG w.-styiovynhuL J The locomotive cuticular appendages that 

(after stem), (seen from we most frequently meet with aie slender 
ventral Bide) Wz f Adoral . T • e „ 

zone of cilia , C, contractile Cllia > whlch often COver the whole surface of 
vacuole, N, nucleus, N>, the body in close rows, and give it a striped 
paranucleus , A, anus> mi ,, 

appearance. The cilia aie usually stionger m 
the region of the mouth, and are here grouped so as to form an 
adored zone of large cilia, which, during swimming, causes a whirl- 
pool, and conducts the matter which serves as nouiishment into the 
mouth (fig. 137). This adoral fcone is more highly developed in 
fixed Infusoria such as the bell animalcule , the surface of which 
has no regular arrangement of cilia. In these animals there are 


* Besides Ehrenberg, Clapar6dc, Lachmann, Butschli, 1 c.. compare especially 
Fr. Stein , kt Der Orgamsmus der Infusionsthieic.*’ I. and II., Leipzig, 1859 and 
1867 
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one or more rings of large cilia round the edge of a raised lid- 
like flap which is capable of being shut down. There is also an in- 
ferior row of cilia upon this flap running to the 
mouth. The free-swimming Infusoria often 
possess in addition to these delicate cilia and 
zones of cilia, thicker hairs and stiff bristles, 
and more or less bent hooks, which are em- 
ployed in locomotion and for attachment. 

Certain fixed Infusoria as Stentor (fig. 138) 
and Cothurnia secrete external coverings or 
shells, into which they letract themselves. 

Nourishment is taken in in a few cases by 
endosmosis through the whole surface of the 
body, e.<j., the parasitic Opalina . The Acineta 
feed themselves by sucking the body of their 
piey. They are without a mouth, and are 
incapable of taking in solid food. But they 
possess a number of long, narrow, contractile 
tentacles, which radiate from the surface of 
theii bodies, and have the form of delicate tubes, 
presenting a structureless external wall and a fiq iw—Stmtor Rost in 
semi-fluid granular axis. The Acineta applies 'pertu^wTth 

one or moie of these organs to the body of an gullet, pr, pulsating 

. . , , , p vacuole , N, nucleus 

extraneous organism, when the substnnce or 

the latter travels down the intei i or of the granular axis of the 
tentacle into the body of 
the Acineta (fig. 139). 

By far the greatest num- 
ber of Infusoria possess an 
oral apeiture, usually near 
the anteiior pole of the 
body, and a second aperture 
which act^ as anus, and 
which can be seen in a 
definite pait of the body as 
a slit during the exit of the 
excreta. 

The body paienchyma, 
which is bounded by the 
external membrane, is 
divided into a viscid exoplasm and a more fluid endoplasm, into 



Fig 139 — Acineta ferruwequmum Ehibg , which Is 
sucking the body of a small Infusorian (Enchelys) 
(after Lathmann) T, sucking tentacle , V, vacuole , 
N, nucleus 
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which a slender oesophagus, rarely supported by firm rods ( Chilodon , 
NassvZa), often projects (fig. 140). Through this the food stuff 
passes into the endoplasm, in which it gives rise to food vacuoles. 
The latter undergo a slow rotating movement round the body in 
the endoplasm, which is caused by the contractility of the sarcode. 
During this process the food is digested, and finally the solid, useless 
remainder is ejected through the anal aperture. A digestive canal, 
bounded by distinct walls, exists no more than do the numerous 
stomachs which Ehrenberg, who was deceived by the food vacuoles, 
ascribed to his Infusoria polygastrica . In all cases where a digest! 
canal has been described, we have to do with peculiar strings and 
trabeculae of the internal parenchyma which enclose in their inter- 
stices spaces filled with a clear fluid. 

The more viscid exoplasm is pre-eminently 
to be regarded as the motor and sensory layer 
of the body. In it we find differentiations 
resembling muscles ( Stentor , the stalk pf Vorti - 
cella). Sometimes small rod-shaped bodies are 
present ( e.g ., Bursaria leucas , Nassula ), which 
are comparable to the thread cells of Turbellaria 
and Cuelenterata. The contractile vacuoles appear 
as further differentiations of the external layer, 
structures which to the number of one or more 
are found in quite definite portions of the body. 
They are clear, mostly spherical spaces filled 
with a fluid ; they diminish suddenly and then 
vanish, but gradually reappear and increase to 
their original size. These pulsating vacuoles 
are usually connected with one or more vessel- 
like lacunee, which swell considerably during the contraction of 
the vacuole. These structures have been compared to the water 
vascular system of Rotifera and Turbellaria , and have been explained 
as excretory — an interpretation which has in its favour the fact that 
the contractile vacuoles in certain cases open to the exterior through 
a fine pore at the surface, through which granules pass to the 
exterior. 

The nucleus and nucleolus lie in the exoplasm of the infusorian 
body. The nucleus , which ten years ago was compared to the nucleus 
of the simple cell, is a structure of variable shape but with a definite 
position in the body. One, or more than one, may be present. It 
is sometimes round or oval, sometimes elongated, being drawn out 



Fia. 140 . — Chilodon cucul- 
lut (after Stein), with 
pullet resembling a 
fish-basket. JV, nucleus 
with nucleolus, excreta 
are passing out of the 
anus. 
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to the shape of a horse-shoe or a band, and may be broken up into 
a number of fragments. It contains a granular viscid substance, 
is bounded by a delicate membrane, and, a b 

according to the erroneous views of Stein 
and Balbiani, gives rise to ova or to germi- 
nal spores. The nucleolus or paranucleus 
also varies in form, position, and number | 
in different species. It is always much 
smaller than the nucleus, and is strongly 
refractile; it usually lies close to the 

nucleus, or even sunk in a cavity of the Fia MpullKa lyMluter 

latter. Both play an important part in (after stem) b,Asptdi*ca polysty. 
the reproduction of the Infusoria. durm « fle9,on 8te,n) 

The most usual method of reproduction in the Infusoria is by 
fission. When the forms reproduced remain together and connected 
with the parent, a colony of Infusoria is formed, e.y ., the stocks of 
Epistylis and Carchesium. Fission usually takes place by a trans- 
verse division (at right angles to the long axis), as in the Oxytricliidte , 



Fig 142 — Podophrya gemmipaia (after R Hertwig) a, with extended suction-tulies and pre- 
hensile tentacles, with two contractile vacuoles b, the same with npe buds, in which 
processes of the branched nucleus N enter, c, free young form 


Stmtoridoe , etc., and, obeying definite laws, follows conjugation and 
division on the one hand of the nuclei, and on the other of the 
nucleoli (fig. 141). Less frequently ( Vorticella ) the fission takes 
place through the long axis (fig. 143, a, b), and far more rarely in 
a diagonal direction. The asexual reproduction is often preceded 
by encystment, which appears to be of great importance for the 
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preservation of the Infusoria from desiccation. The animal retracts 
its cilia, contracts its body to a globular mass, and then secretes a 
transparent cyst, which hardens and protects the animal, thus en- 
abling it to survive in damp air. In the water, the contents of the 
cyst divide into a number of parts, which attain freedom by the 
bursting of the cyst, each one becoming a young animal. 

Moreover, many Infusoria ( Aci/ietrr ) produce with participation 
of the nucleus a numbei of buds asexually, which separate them- 
selves from the walls of the parent body (fig. 142). The broods qf 
Sphaerophrya make their way into the interior of other Infusoria, i 

as Paramecium and 
Sty] onychia, nourish 
JMm themselves at the cost 

ffihx i.'trjS of the enlarged nu- 

y cleus, and foim ein- 

lnyos by fission. These 
J embryos swarm out, 

jl y jl time taken by Stein 

i C a ^ I The process of con- 

H ' I j ugation observed by 

I I Leeuwenhoek and O. 

Ijj § Fr. Muller is very 

If general, and is con- 

•* nected 'with changes 

Fro. 143 — Voittcellamtcrovtoma (after Stem) a, In jiroces^ c 1 

ot fission , 2V, nucleus the mouth a]>pai atuH m each por- i * * * S 

tion is formed atrcsh, <>e, pullet b, Fission is completed, nucleolus. The 
the smallor product is set f reo aftei the fonnatioii of a .. . ]■ 

posterioi imp of cilia, tt, adoral zone of cilia c, \orti- CnangCS, W illCll gave? 
cella m process of bud like conjugation , A”, the bud like rise to the erroneous 
individuals attached ♦ . _ 

interpretation of the 

two structures as ovary and testis, are in reality simply preparatory 
to a process of regeneration of the nucleus by parts of the paranu- 
cleus, a process comparable to the phenomena of the fertilization of 
the ovum m sexual reproduction. 

The conjugation of two Infusoria occurs in veiy different ways, and 
leads to a more or less complete fusion, which, after regeneration 
of the nucleus, is followed by an increase in the frequency of fission. 
Paramcrcium , Stentor, Sjnrostoma, during conjugation, become con- 



conjugation or ciliata. 


203 


nected by their ventral surfaces ; other Infusoria 
Qxytrichina, Chilodon , hy their sides; while 


Coleps, join together 
the anterior extremi- 
ties of their bodies, 
giving the appear- 
ance of transverse 
fission. A lateral 
conjugation also 
takes place not un- 
frequently in Vorti - 
cella, Tricliodina , etc., 
between individuals 
of unequal size, the 
smaller one having 
the appearance of a 
bud (bud-like conju- 
gation) (fig. 143, c ). 



with a flat body like 
EnchelySy Halteria y 



The alterations 
which the nucleus 
and paranucleus un- 
dergo during and 


Fig 144 —a, Stylonychta my til lift, m process of conjugation 
Th( nucleus is depicted < uting division (Balbiam s so 
called o\a), the nucleoli have divided mto foni spheies (sup- 
posed spermcapsules) ft, Siylonychur filled with parasitic 
Splice i ophryu (aftoi Balbiam) 


after conjugation have been especially woiked out in Paramcecium and 


S tylonych la (fig 144 a, 143). When several nuclei are present they 


a 



Fig 145 — Sty 1 onychia my film in process of conjugation, slightly magnified, (treated with 
acetic acid), (aftei Butschli) a , Stage oi conjugation with two nucleoli (paianuclei), Nb, 

the four pieces into which the nucleus has divided in each mdiv idual ft, Stage of conjuga- 
tion with tour nucleoli, of these N' becomes the nucleus, and n' the two nucleoli , Nb , the 
four remaining pieces of the old nucleus c, Stylonychia on the sixth day aftei conjuga- 
tion with nucleus and two nucleoli. 


fuse together to form a single oval body (Balbiam), the substance 
of which takes a finely fibrous structure previous to further fission. 
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like the substance of a true cell nucleus, when undergoing division. 



The paranucleus too increases in size 
and becomes striated, and divides into 
a number of bodies by a single or re- 
peated division. Some of these bodies 
produced by the division of the nucleus 
and paranucleus disappear or are cast 
out, and others are employed in the 
formation of the new nucleus and 
paranucleus. The processes of regene- 
ration are for the most part not com- 
pleted until the conjugating animals 
have separated. Conjugation is probably 
followed by a repeated division (fig. 146). 

The mode of life of the Infusoria, 
which principally inhabit fresh water, 
is very various. Most of them lead an 


Fig 146 — Paramcectum Buraaria 
about one horn after conjugation 
(after Butschli) «, nucleolus , N t 
nucleus , P V, contractile vacuole. 
Two of the nucleoli have become 
clear spheres. 


independent life, and take up larger 
or smaller bodies, even Rotifei a, as 
nourishment. Some, as Amjihileptus, 
select fixed Infusoria, as Epistylis and 


Carchesium, for their prey, and swallow them down as fai as the 



origin of the stalk ; they then, while fixed on the 
stalk, secrete a capsule, and divide up into two or 
more individuals, which pass out. Certain Infu- 
soria, as the mouthless Opalina, and many Bursa- 
ridse, are parasitic in the intestine and bladder of 
Vertebrates. To these belongs the Bcdantidivm 
coli from the large intestine of Man (fig. 147). 

1. Sub-order : Holotricha. — Body uniformly 
covered with cilia, which are arranged in longitu- 
dinal rows, and are shorter than the body. Longer 


F10147 —Balantidium cilia are sometimes found in the region of the 

coh with two puiaa- mou th but these do not form an adoral zone, 
tmg vacuoles (aftei 


nucleus ^hes* ^a Besicie8 the parasitic Opahnas ( Opahn a mnamm ), with- 
starch-granuLe that out mouth or anu9 > the following families belong to this 
has been eaten, a group : — 

ball of excrement is Fam. Trachelid®. Body of changeable shape prolonged 
anu^at the ^oste? int ° an an t er l° r neck -like process. Mouth ventral, without 
nor end. * po8te ’ longer cilia. Tracheltu* ovum Ehrbg., Amphileptus fa%ci - 
cola Ehrbg. 

Fam. Colpodid®. Form of body definite. Mouth ventral, in a depression, 
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always furnished with long cilia or undulating membranes. Paramecium 
Aurelia Fr. Muller, P. Bursaria Focke, Colpoda cuculhts Ehrbg., Glaucoma 
scintillans Ehrbg. 

2. Sub-order: Heterotricha. — Body uniformly covered with fine 
cilia, which are arranged in longitudinal rows, with a distinct 
adoral zone of cilia. 

Fam. Bursarid®. The adoral zone of ciliais on the edge usually of the left 
half of the body. Bursar in truncatella O. Fr. Mull., Balantidium ooli 
Malmst., parasitic in the colon of man ; Spirostomvm nmbignum Ehrbg. 

Fam. Stentorid®. At the anterior end of the body is a peristomial space with 
a funnel-shaped depression, without any distinct gullet. Stnitor polymorpbus , 
0. Fr. Miill., St. ccerdleus Ehrbg. 

3. Bub-order : Hypotricha. — Body with sharply defined dorsal and 
ventral surface. The convex dorsal surface is usually naked, the 
ventral covered with cilia and beset with styles and processes, mouth 
on the ventral surface. 

Fam. Oxytrichid®. Body elongated to an oval. On the left half of the 
ventral surface is a peristomial region, with an adoral zone of cilia. The ventral 
surface is beset at either edge by a marginal row of cilia, and also with bristles 
and hooks. Stylongchia pustulata Ehrbg., with eight anterior styles, five 
ventral, and five anal cilia. Ourgtrichn gibba O. Fr. Miiller. 

Fam. Chilodontid®. Body usually armoured, with gullet in the form of a 
fish-basket. Chilodon cunillus Ehrbg. 

4. Sub-order : Peritricha. — Infusoria with cylindrical or bell-shaped 
partially ciliated body. The cilia are placed on an adoral ciliated 
disc, and frequently on a ring-like zone. 

Fam. Vorticellid®. Peritricha with adoral spiral of cilia, without a Bhell, 
attached by a style, usually forms colonies. Vorticclla microstoma Ehrbg., 
Epistylis phentdis Ehrbg., Zoothamnium arbuscula Ehrbg., Carchcsium 
polypi num Ehrbg. 

Fam. Trichodinid®. Peritricha with adoral spiral of cilia and circle of cilia 
gts well as an apparatus for attachment at the posterior end. Trbchod i napcdic ulus 
Ehrbg. 

Fam. Halteriid®. Near the adoral spiral of cilia is an equatorial zone of 
longer cilia. Ilalteria volt ojo Clap. Lachm. 

5. Sub-order : Suctoria. — Body usually without cilia, with knobbed 
tentacle-like processes which serve as sucking tubes. 

Fam. Aoinetid®. Acineta mystacina Ehrbg., Podophrya cyelopum Clap. 
Lachm., Sphverophrya Clap. Lachm. 


As an appendix to the Protozoa we will now proceed to consider the Schtzo- 
mycetidce , which approach more nearly to the Fungi, and the Gregarinida*. 
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1. The Schizomycetidrr* (Bacteria) arc small globular or rod-shaped bodies 
which are found in decaying matter, and are especially numerous on the surface 
of putrefying fluids, where they give rise to a slimy film (fig. 148). They are 
moBt nearly allied to the fungus of yeast, with which they also agree in their 
manner of nourishment, in that they make use of ammonia and organic com- 
pounds containing carbon. Take the yeast fungus they excite and maintain 
the fermentation or, as may happen, putrefaction of organic matter by with- 
drawing its oxygen or by attracting oxygen from the air (reduction or oxyda- 
tion ferments). But they are clearly separated from the fungi by their deve- 
lopment, for they increase by dividing into two halves, while the yeast fungus 
{Saccharom goes, Ilormixcium) forms buds which separate off as spores. The 
transverse division takes place, after the cell has become elongated, by a con- 
striction of the protoplasm and by the secretion of a cross partition wall. The 
daughter-cells either divide at once, or remain united and produce chains of 
Bacteria (filiform Bacteria) by afresh fission. Sometimes the successive genera- 
tions of cells remain connected by a gelatinous substance, and so produce irre- 
gular shaped gelatinous masses ( zoogloca ). Sometimes they become free and 
are dispersed in swarms. They may also settle on the bottom in the form of a 



Fig. 148. — Schizomycetes (after F. Cohn). «, Micrococcus, b. Bacterium termo, bacteria of 
putrefying fluids, both m the motile and zooglooa form. 


granular precipitate, as soon as the nourishment in the fluid is exhausted. The 
greater number have a motile and a motionless stage ; in the first they rotate 
themselves about their long axis, but are also able to bend and extend, but never 
to serpentine. Their activity seems to be connected with the presence of 
oxygen. 

Owing to the absence of sexual reproduction, the division of Bacteria into 
genera and secies is beset with such difficulty that we must content ourselves 
with establishing, in an artificial fashion, form species and physiological species 
and varieties without always being able to demonstrate their independence. 
F. Cohn distinguishes four groups : — (1) Globular Bacteria, Micrococcus 
(J Iona* and Mycodirma) ; (2) Hod Bacteria {Bacterium') ; (3) Filiform 

Bacteria {Bacillus and Vibrio ); (4) Spiral Bacteria {Spirillum and 
Bpirochfct(i). 

The Globular pactcria are the smallest forms, and only exhibit molecular 
movements. They cause various forms of decomposition, but not putrefaction. 

* F. Cohn, “Beitrage zur Biologie der Pflanzen.” Heft 2 and 3, 1872 and 
1875. Untersuchungen liber Bakterien,” 1, 2, and 3 (Bacterium termo). Com- 
pare further the works of Eberth and Klebs. 
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They can only be divided, according to their various methods of development, 
into chromogenous (pigment), zymogenous (fermentation), and pathogenous 
(contagion) divisions. The first .appear in coloured gelatinous masses and 
vegetate in the Zoogloeaform, c.g... M. prodigioxu# Ehbrg. in jotatoes. etc., 
To the Zymogenous belong M. urea\ urine ferment ; to the Pathogenous 
M. vaccina 3 , the Pox Bacteria, M. Mjiticu* of pyaemia, M. diphthcricus of 
diphtheritis. 

The Rod Bacteria form small chains or threads, and exhibit spontaneous 
motions, especially in the presence of abundant nourishment and oxygen. 
Here belongs Bacterium ter mo Ehrbg. distributed in all animal and vegetable 
infusions and the necessary ferment in putrefaction, just as yeast is in alcohol 
fermentation ; also B. Lin cola Ehrbg. of considerable size, which exists in spring 
water and in standing water, in which theie are no products of putrefaction, 
and, as well as the former, has a zoogloea jelly. Another Bacterium form acts 
as ferment of lactic acid, 
according to Hoffman. 

Of the Filiform Bacteria 
the motile Bacillu* (cibno) 
subt'di x Ehrbg. occasions 
butyric acid fermentation, 
but is also found in infusions 
together with B. ter mo. 

Very nearly allied and 
hardly to be distinguished 
is the motionless Bacillus 
a nth r act* of inflammation 
of the spleen. Vibrio rug via 
and sevpetix arc charac- 
terised by constant undula- 
tions of the chain. Finally 
these lead to the spiral 
forms of which Spiroclueta 
resembles a long and flexi- 
ble but closely wound, and 
; Spirillum , a thick, short, 
and coarse screw. HptrtU 
lum tenax, undid a, valuta ns, 
the last with a flagellum at 
each end. 

2. The Gregarinida * * arc 
unicellular organisms which 
live as parasites in the 
intestine, and in the internal organs of the lower animals. The body is fre- 
quently elongated like that of a worm, and consists of a granular viscid central 
mass sui rounded by a delicate external membrane (sometimes with a subcutioulai 
layer of muscle stripes). The nucleus, a round oj oval clear body, is embedded in 

* N. Lieberkiihn, “Evolution des Gregaiines,” Bern cour.df VAcad.dfBtlg. 
1856. N. Lieberkiihn, “ Beitrag zur Kenntniss der Gregarincn.’ Aran, jur 
Amt. und Physiol., 1866. E van Bencden, “ Reclierches sur Involution des 
Gr^garines. 1 ’ Bulletin de V A cad. ray. dr Belgique, 2 Srr. xxx i., 1871. Ann .«* 
Schneider, ontributions & l’histoire des Gregarines des Invcrtebres tie 1 ans 
et de Ro^coff.” Arch, de Zool. Expert m< of., Tom IV., 1876. 


b 



Fig 149 —Gregor nut (after Stem and Kolliker) <r, Sty- 
lorhynchuH oUgaeantku* out oi the intestine aiCaUopteryx. 
by Greyarma (Clepiulrtna) polymorph u fiom mtcsUno of 
the meal Beetle, dm mg conjugation, c, The same in 
process of oncystment. d t Encysted Greganna. r, 
Stage of formation of Pseudonavicella* /, Psoudo- 
naviceliacjst with upe Pseudonavicella; 
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the central mass. The structure of the body may be complicated by the pre- 
sence of a partition wall which parts off the anterior end from the main mass 
of the body. The anterior portion of the body gets in this way the appearance 
of a head, upon which there may be formed here and there prominences in 
the form of hooks and processes for the purpose of attachment. Nourishment 
is effected by endosmosis, through the external walls. Motion is confined to 
slow gliding forward of the feebly contractile body. 

In their full-grown state the Gregarina are frequently seen fastened to one 
another two or more together. This connected state precedes reproduction 
(fig. 149). The two individuals lying with their long axes in the Bame straight 
line contract and surround themselves with a common cyst, and after undergoing 

a process resembling segmentation, 
divide into a number of small spore- 
like balls, which become spindle- 
shaped bodies ( Pseudonavicellae) . 
The cyst secreted round the congre- 
gating individuals, or, as is often the 
case, round a single individual, be- 
comes a Pseudonavioella cyst, and by 
its bursting the spindle-shaped bodies 
reach the exterior. The contents of 
each Pseudonavicella sometimes gives 
rise to a small amoeboid body, as may 
be inferred from Liebeikiihn’s obser- 
vations on the Pxoroxperm * of the 
pike. In other cases ( Monocyxtix , 
Gonoxpora , etc.) sickle-shaped bodies 
arise in the spores, which, without 
passing through an amoeboid stage, 
give rise to young Gregarines. Mono - 
cyxtix agilix from the testis of the 
earth-worm. Gregarina L. Duf. 
( Clepxidrina Hammersch.) Body 
with flat partition wall and wart-like 
head at anterior end. In the young 
stage the anterior end of Or . h 
tarum v. Sieb. is fixed in the cells 
the intestinal epithelium of Blati 
Gr . polymorpha Hammersch. in 
meal-worm. 

[The Gregarines are found mainly 
in Invertebrata. They may be divided 
into two main groups, the Polycyxtidea and the Monocyxtidea. In the former, 
which are found for the most part in Arthropods, there is a partition dividing 
the body into two parts ; in the latter, which are found chiefly in Vermes, there 
is no such partition. ] 

The structures long known as Pxoroxperm* from the liver of the rabbit, the 
slime of the intestine, the gills of fishes, and the muscles of many Mammalia, 
etc., present a great resemblance to the Pseudonavicell® ; but we are not yet 
fully enlightened as to their nature. The case is the same with the structures 
known as Rainey’s or Mischer’s corpuscles from the muscles of, e.g., the pig ; and 
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the parasitic animals from various wood-lice and Crustacea, which were assigned 
by Cienkowski to the fungi, under the name of Ain&bidiwm pavasittcum , remind 
us by their reproduction no 

a 


h 



less of the Gregarinae and 
their cysts. 

The Com (ha which we 
meet with in the cells of 
the epithelium of the intes- 
fell as in the bile- 
Mammalia should 
reg aided as Grega- 
.151). Theytrans- 
themselves into egg- 
id zoospeims by the 
ion ot a capsule and 
uction of scveial 

spores from their granulai contents. In Coccidium oviforme from the liver of 
man and of the rabbit theie aie only four spoies formed, which become sickle- 
shaped iods. 



Fi» 151 —Cotadum oviforme from the liver of the rabbit, 
magnified 550 diam, (after R Leuckait). c t d t Stages 
of spore formation which have only been observed 
outside the cells. 


CHAPTER VII. 

CCELENTERATA (Zoophytes).* 

Radially symmetrical animals with a body composed of cells . They 
have a body-cavity which serves alike for circvlation and digestion 
( gastrovasc ular sjmee). 

Amongst the C uelenterata we meet for the first time with organs 
and tissues composed of cells. In addition to the external and 
internal epithelium, cuticular, calcareous, and silieious structures, as 
well as muscles, nerves, and sense-organs are very generally present. 
On the other hand, the internal surface of the body is not differ- 
entiated into organs of circulation and digestion distinct from each 
other. The vegetative processes are performed by the internal sur- 
face of the gastric cavity, the gastrovascular space, of which the 
central part functions as stomach and intestine, the peripheral as 
vascular system. 

R. Leuckart was the first to recognise the importance of these 
characters, and made use of them to separate the Polyps and the 
Medusce from the Echinoderms , thus resolving Cuvier's type of 
Radiata into the types of Ccelenterutn and Echinodermata. 

It is only in more lecent years that Naturalists have been con- 
vinced of the close lelationship between the Porifera and the Polyps 

* R. Leuckart, “ Ueber die Moi phologie und Veiwandschaftsverhaltnisse 
niederer Thiere,’' Braunschweig, 184b. 
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and Medusas, and have included the former in the group of the 
Codenterata . The Porifera were for a long time taken for plants, 
and more recently for Protozoon-stocks. While, however, the Polyps 
and Medusae are distinguished as Cnidaria and are characterised by 
the possession of nematocysts and by the higher differentiation of their 
tissues, the Porifera or Sponyiaria present more simple forms of 
tissue in the spongy structure of their body, and are without nemato- 
cysts. The entire structure of the body may, generally speaking, be 
described as radial, although the radial symmetry does not ap; 
most sponges, and among the Cnidaria transitions towards 

symmetry are 
parent. Simi 
organs are u snail 
repeated roum 
the body axis four 
or six times or in 
multiples of these 
numbers. 

Four distinct 
types of body form 
are met with in 
the group (\rlente- 
rata , viz., that of 
the Sponye ; of the 
Polyp ; of the Me- 
dusa ; and of the 
C tenopliora . 

The Sponge 

type.- -The sim- 
plest form of 
Sponge is represented by a fixed cylindrical tube, with an exhalent 
opening, the OscuIimi, at the free end (tig. 152). The contractile 
wall is supported by skeletal spicules, and is pierced by numerous 
inhalent pores, through which water and small food particles pass 
into the ciliated internal space. ^ By the fusion of separate indi- 
viduals, and by reproduction by gemmation, the latter being the 
more frequent mode, widely different Sponge stocks with compli- 
cated canal systems are formed. The polyzooid nature of these is 
made apparent by the presence of many oscula. 

The Polyp type. — The Polyp has the form of a cylindrical or 
club-shaped tube, of which the posterior end is fixed and the opposed 



Fig. 162 — Younpf Si/con (after Fr. E Schulze) O, Onculum oi 
exhalent pore , F, pore m the wall 
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free pole pierced by an oral opening situated on a flat or conical 
prominence, the oral cone. The mouth is surrounded by one or 
more circles of tentacles, and leads into a simple cylindrical body 
cavity ( II ydroidpolyps ) , or through an oesophageal tube into a compli- 
cated gastrovascular cavity (Anthozoa, fig. 153). The disappearance 
of the tentacles gives rise to the so-called polypoid form, which 
consists of a simple hollow tube fur- 
id with a mouth. 

Medusa type. — The free-swim- 
Medusa consists of a flattened 
arched bell of gelatinous or 
ous consistence, from the under 
•f which hangs a central stalk, 
manubrium , bearing at its free 
end the mouth. This manubrium is 
frequently prolonged in the neighbourhood of the mouth into 
numerous lobes and tentacles, while from the edge of the disc arise a 
varying number of thread-like tentacles. The central cavity of the 
body, into which the hollow manubrium leads, is called the gastric 
cavity, and from it peripheral pouches or radial canals, the so-called 
vessels, run to the edge of the disc, where, as a rule, they are con- 
nected by a circular vessel. 

The movements of the Me- 
dusa are effected by the alter- 
nate contraction and dilatation 
of the muscular under surface 
of the bell, i.e. of the subum- 
brella. 

Rudimentary Medusa*, in 
which the manubrium and 
marginal tentacles are absent, 
are found. They are called 
Medusoids, and do not acquire 
individual independence, but 
remain attached to the body 
of the Medusa or Polyp from which they are budded. 

The Medusse and Polyps, in spite of the important differences 
between them, are but modifications of the same plan of structure. 
A Medusa may be compared to a free, flattened Polyp, possessing a 
large gastric cavity and a muscular and enlarged oral disc. 

The Ctenophor type has fundamentally the form of a sphere, 



Fig 15 L. — Medusa of the Poducoryw cat nee with 
four tentacles at the erttfe of the disc, ovaues 
and manubrium, immediately after sepai a- 
tion from the stock 



Fig 153 — Sagarfia mvca (after Uosse) 
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beset with eight meridional rows of vibratile plates, which, working 
like oars, serve for locomotion (fig. 155). 

The body parenchyma in the Sponges consists principally of 
amoeba-like cells, which frequently bear flagella, but which never 
produce stinging threads. In the Cnidaria (Polyps and Medusae), 



in certain cells the 
peculiar struc- 
tures known as 
thread cells (fig. 
156 )are developed . 
They consist of 
small capsules 
filled with fluid, 
and containing a 
sharp-pointed, spi- 
rally coiled thread; 
they are developed 
in cells which may 
be called cnido- 
blasts. Under cer- 
tain mechanical 
conditions, e.y. 
under influence of 
the pressure pro- 
duced by contact 
with a foreign 
body, these cap- 
sules burst, and 
the thread is sud- 
denly protruded, 
and either fastens 
on to the cause of 



disturbance 



pierces it, carrying Fig. ISO. — Nematocysts and 
Fig. 155. Cydi^tpr- {Htmniphoru) . . cmdoblastb of Siphonophora. 

pi u mom (after Chun). O, or a and b, with the cmdocil 

the fluid contents wf the cell, c to <?, Nemato- 


of the capsule. In cysts with eva ^ ttted thread ‘ 


many parts of the body, and especially on the tentacles, which serve 
for the capture of prey, these small microscopic weapons are collected 
in masses, and are often united in a peculiar arrangement to form 
batteries of thread cells. 
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The tissues (which are composed of cells) are generally arranged in 
two or three layers, of which the external layer is known as ectoderm 
and forms the outer skin, while the internal layer, the endoderm , 
line'* the gastric cavity. 

Between the two there is developed a delicate homogeneous sup- 
porting membrane or a stronger layer of connective tissue, in which 
the skeletal elements are developed. This intermediate layer is 
n as the mesoderm . The skeletal formations present great 
in structure and arrangement, 
des are formed in the deeper part of the ectoderm as cell- 
(the so-called neuromuscular fibres), but often penetrate 
within the mesoblast as independent cell structures. Sense epi- 
thelium, nerve fibrillae, and ganglion cells also appear as differentia- 
tions of the ectoderm. The endoderm cells, on the other hand, often 
bear cilia, and are principally concerned in the processes of digestion 
and secretion. 

Where the tissues are upon the whole of homogeneous structure, we 
find a preponderance of asexual reproduction by fission and gemma- 
tion. If the individual forms so produced remain united, they give 
rise to the colonies which are so widely distributed amongst the 
Polyps and Sponges, and which, by the continual multiplication of 
their individuals, may in course of time attain a very considerable 
size. But we also meet everywhere with the sexual reproduction, in 
that ova or spermatozoa are produced in the tissues, usually in the 
region of the gastrovascular cavity, in a definite portion of the body. 
As a rule, the ova come in contact with the spermatozoa away from 
the place where they are produced ; either within the body cavity 
or outside the parent body, in the sea-water. In a few cases only do 
both the sexual elements originate in the body of the same indivi- 
dual, as, for example, in many of the fyongiarta, some Anthozoa , 
and in the hermaphrodite (Jtenopliora. As a rule, in the colonies of 
Anthozoa the monoecious arrangement of sexes obtains, the indivi- 
duals of the same stock being partly male, partly female. Home are 
dioecious, e.g, Veretillum , Diphyes, Apolemia . 

The development of the (1<plenterata for the most part consists of 
a metamorphosis. The just hatched young differ from the sexual 
animal in the form and structure of the body, and pass through 
larval stages. The greater number of them leave the egg as 
ciliated larvae, which resemble somewhat an Infusorian in external 
appearance. They acquire a mouth, body cavity, and organs for 
obtaining food, either during their existence as free larvae, or after 
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attachment to solid surrounding objects in the sea. If the young 
forms, which differ from the sexual animal, gain the power of re- 
producing by budding, the development leads to various forms of 
alternation of generation. 


Sub-groups.— I. SPONGI AKIA * = POBIFEEA. 

The body has a spongy consistence and is composed of n 
cells capable of amoeboid movements and supported by a solid, calcareous , 
silicious , or horny skeleton. There are external pores, an internal 
canal system, and one or many exftalent openings (oscida). 

The sponges are at present universally regarded as Ccelenterata, 
and in this group they are distinguished from the Cnularia (Polyps 
and Medusae). They are composed of a contractile tissue, which 
is usually supported by a framework composed of spicules and fibres ; 
the whole being arranged in such a manner that there exists on the 
external wall of the body larger and smaller openings ; and in the 
interior a system of canals and spaces in which a continuous stream 
of water is maintained by the vibratile motion of cilia. 

Amoeba-like cells, net-like membranes of sarcode, flagellated cells, 
spindle cells, ova, .spermatozoa, and tissues 
derived as excretions from cells are present 
as the histological elements of the Sj>onge 
body The chief mass of the contractile 
parenchyma is composed of the amoeba- 
like cells. These are granular cells, which, 

Fig. 157. - Amoeba-like cell of ]^ e Amoebae, have no external membrane, 
Spongilla. 7 7 

can protrude and retract processes, and 

take into their interior foreign substances (fig. 157). 

The framework or skeleton, which we find wanting only in the soft 

* Literature : Nardo G. D., “System der Sohwanmie,” Isis, 1833 and 1834. 
Grant, “ Observations and Experiments on the Struct, and Funet. of Sponges,” 
Edin. Phil. Journal, 1825 — 1827. Bowerbank, “ On the Anatomy and Physio- 
logy of the Spongiadae,” Philos . Trans., 1858 and 1852. Lieberkiihn, “ Beitrage 
zur Entwickelungsgeschichte der Spongillen,” Mailer's Arehn\, 1856. Lieber- 
kiihn, “ Zur Anatomic der Spongien,” Muller's Arehir.. 1857, 1859, 1863, 1865, 

1867. O. Schmidt, “ Die Spongien des adriatischen Meeres,” Leipzig, W. Eng- 
elmann, 1862, as well as Supplement. Leipzig, W. Engelmann, 1864, 1866, 

1868. E. Haeckel, “Die Kalkschwamme,” 3 Bde, Berlin. 1872. Fr. E. 
Schulze, “ Untersuchungen iiber den Bau und die Kntwickelung der Spongien,” 
Zcitschrift,filr vnss. Zool ., 1876 — 1880. 
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gelatinous Sponges or Myxospongia, is composed of horny fibres or 
silicious or calcareous spicule>. 

The horny fibres form, without exception, anastomosing networks 
of varying degrees of thickness, and present a lamellated structure 
(fig. 158), which indicates that they are formed of a number of layers. 
They are formed by excretion as hardening 
portions of sarcode. The calcareous needles 
159) are simple or three- and four- 
►icules, and take their oiigin, as 
silicious structures, in the interior 
The silicious spicules present, 
however, an extraordinary variety of form : 
some of them constitute a connected frame- 
work of silicious fibres, and others are free 
silicious bodies with simple or branched 
central canals (fig. 160). The latter are 
found in the form of needles, spindles, 
cylinders, hooks, anchors, wheels, and 
crosses, and arise in nucleated cells, pro- 
bably as deposits round a hardening of Fig irs— P iece of network of 
, . / 4 x horny fibres from Eutpongia 

organic matter (central fibre). equina. 

In order to understand the morphology 
of the Spongiaria we must begin by examining the structure of a 
young Sponge, which proceeds from the fixed larva. The young 
Sponge, after the formation of a ciliated gastric cavity and an ex- 
halent opening or osculum, has the form of a simple hollow tube, 
the walls of which are 



pierced by pores for the 
passage of small food 
particles suspended in 
the water (fig. 152). 

In this .stage we can 
distinguish three layers 
— ( 1 ) an entoderm, 
formed of elongated 
flagellated cells ", (2) a Fig. 159. — Calcareous Spicules of Sycun. 

mesoderm, the skeleto- 

genous cell layer, the structure of which recalls connective tissue; 
and (3) an ectoderm, which forms the outer layer of the Sponge, 
and consists of a flat epithelium. The cylindrical cells of the endo- 
derm possess at their free ends surrounding the flagellum a delicate 
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hyaline marginal membrane, which, derived from a prolongation of 
the hyaline plasma, projects as a hollow cylinder resembling the 
protoplasmic collar of certain Flagellata ( 0 glicomastiges ). [This 



Fig 100 — Silcx bodies from different silieioiiH Sponge*. u, Silox net die from Spongdla, 
meide the cell 6, Amphidisc of a gemmule of Spongdht t, Anchoi fiom Atuottnn d. 
Hook from Ettperw e , Stai from Chondnlla Anchoi homEnpUdiUa abpngdlum g, h, 
needle rays from the same i. Six-rayed needle from the same, ith ceutinl t anal 

structure is commonly known as the collar, and the cells as the 

collared cells.] 

The thick layer in which the skeletal 
spicules aie piodueed consists of a hyaline 
matiix, in which inegulaily branched or 
spindle-shaped amoeboid cells aie embedded, 
and may be regarded, like the gelatinous 
substance of the Accdeplm , ns mesoderm, 
while the external, deal ly defined, fiat epi- 
thelium (also in the Asconia, Leiwo&olenia) 
is to be considered as ectodeim. 

The pores or inhalent openings so cha- 
racteristic of the Sponge body are in 
reality only intercellular spaces, and are 
able to close themselves, vanish and be replaced by new pores, 
which arise by the separation of one cell from another (fig. 161). 

* Upon this giound Clark declared the Sponges to be nearly allied to the 
Flaqillaia and regarded them as great colonies of the lattei. 



Fig 161 — Portion of the exter- 
nal layei ot Spongdla with the 
pores, P (after Luberkuhn) 
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Amongst the calcareous Sponges, the simple Sponge with inhalent 
pores and terminal osculum (Olynthus- form) is represented by the 
stock-forming Leucosolenia (Grant ia), which is composed of numerous 
hollow cylinders. The structure of this sponge 


has been described by Lieberkuhn. 

In the & Ujconidce the body cavity has a more 
complicated form. The central space opens into 
y peripheral spaces or radial tubes, which 
by ciliated cells, and open externally 
the inhalent pores (fig. 162). 
other calcareous Sponges ( Leuconidcr ) the 
radial canals have the form of irregular parietal 
canals, giving off branches to the periphery and 
possessing dilated, ciliated chambers. This form 
of internal canal system is also found in most 
of the stock-f 01 ming, silicious Sponges (fig. 163). 

Sponge forms may become more complicated 
by the formation of stocks ; the originally simple 
Sponge, which has developed from a single cili- 
ated larva, gives rise by budding and incomplete 
fission to a polyzoid sponge body; or several 




originally 
separate 
individu - 
als, each 
of which 
has origi- 


Fig 1G2. Longitudinal 
bection thioiitfh St/con 
ittphanutt, slightly n 
nified 0, Osculum 
with collar of spicules, 
Jtt, radial tubes which 
open mto the central 
cavity. 


nated from a single larva, 


fuse together to form a com- 
pound sponge stock. Both 
these methods of growth are 


repeated in a similar manner 
m the formation of the stocks 


of Polyps (fig. 164). In the 
same w ay that the fan-like 
nets of the Fan Coral (Rhipi- 


Fr. E Schulze) ok. Ciliated chamber ot the fogwgia flabellum) are formed 
parietal canal by ^ repeated f Ubio n of its 

branches,, the gastrovascular cavities of which anubtomcse, so also 
in the case of the branching sponges, as a result of the same pro- 
cess, reticulate, or coiled or even massive stocks are formed (fig. 165). 
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In this case the canal system, in which the modifications before 
described for each individual Sponge are repeated, becomes more 
complex, partly through the formation of anastomoses, and partly 
because irregular gaps and winding passages make their appearance 
between the fused branches of the stock and form spaces which lead 
into the ciliated cavities. 

Reproduction takes place mainly asexually by fission and the 
production of germs or gemmules, bu 
by the formation of ova and sperm capi 
The gemmules are in the fresh-water 
masses of cells which are surrounded b 
film shell composed of silicious structures 
( amphidisca ), and, like encysted Protozoa, 
pass through a long period of rest and inac- 
tivity. After the expiration of the cold and 
sterile season of the year, the contents pass 
out of the opening of the capsule and gene- 
rally surround the latter, and with increasing 
growth become differentiated into amceboid 
cells and all the essential parts of a new snail 1 
sponge body. Multiplication by means of 
gemmules is also common among the marine 
Sponges. The gemmules take their origin 
under certain conditions as small globules 
surrounded by a membrane. The contents 
are essentially formed of sponge cells and 
spicules, and, after a longer or shorter period 
of inactivity, reach the exterior by the rupture 
of the membrane. 

Sexual reproduction was first demonstrated 
with certainty by Lieberkuhn for ISpongilla, 
but more recently has been shown to exist in 
almost every group of Sponges. In most 
Fl G ' (aner o^ s cases the ova and spermatozoa seem to reach 
maturity at different times in the same Sponge. 

The spermatozoa are needle-shaped, and lie in small spaces lined 
with cells. The ova, like the mother cells of the spermatozoa, are 
modified cells of the parenchyma, and are derived from cells of the 
same tissue layer (mesoderm) in which the needles and skeletal 
structures take their origin. The ova are naked amoeboid cells, and 
pass into the canal system, while in the viviparous Sycons they 
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remain in the mesoderm, and there undergo their development. It 
is only later that the 
ciliated embryos or 
larvae fall into the 
canal system, pass 
out, and attach 
•elves, to de- 
into a young 



ie embryonic de- 
opment among the 
Icareous sponges is 
most accurately Fig 165 — Eutyongn i qfficinalia adt lahta, with a numoei of 
known foi the oscula, O (aftei Fr E Schulze) 

Syconidcr from the investigations of Fi. Schulze and Ban 01s 


life - "%m 

•Mgr* 






mm 


I *7 •'fe'J 


mmm 






Fig 180 — Development of Syt on utphunua (after >r E Schulze) a, Ri]>e ovum &, Stage 
with four segmentation cells c , Stage of segmentation with sixteen cells d, Blastosphej e 
with large dark granulai cells at the open pole e, Free-swimmmg larva, one half of the 
body (entodermal; being formed of long ciliated cells, the other (ectodotmal) of large 
granular cells 
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After the completion of the tolerably regular segmentation (fig. 
166, a — c), Sycon ( Sycandra ) raphanus passes through a blastosphere 
stage, during which the greater half of the ovum consists of clear 
cylindrical cells, and the smaller half at the still open pole of large 
dark granular cells (fig. 166, d), The cylindrical cells of the larger 
half develop cilia, and the embyro passes out of the body cavity and 
becomes a free-swimming larva, which attaches itself and alters its 
shape in such a manner that the dark cells grow over the ciliated 
portion of the globe, which is meanwhile invaginating. The ecto- 
derm and mesoderm are derived from the dark granular cells, aqd 

the ciliated cells 


Fig. 167.— Young Ht/con (after Fr E Schulze). O, Oaculum , 

or cxhalent aperture , P, poi e* ot the wall met Wltn unUer 

very different con- 
ditions, and covering a wide area of distribution. The horny 
sponges live in shallow seas, as also the My.rosjxmgia and ( ' Jialinece , 
or siliciceratous Sponges ; while the Heractinellid a j inhabit very 
considerable depths. Petrified remains of sponges are also found 
preserved in various formations, for instance in the chalk ; and 
these remains differ much from the greater number of those 
living. On the other hand, the glassy sponges of the deep sea 
agree so fully with the ancient forms that they seem to be the 
direct descendants of the latter. Finally, many of the principal 
groups extend back into the palaeozoic age, in which Lithistidce and 
HexactineUidcn especially are met with in the most ancient Silurian 
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strata. Hence palaeontology affords ns no facts for determining the 
phylogenetic development of the Porifera. 

CLASS I.— SPONGIA. 

( With the characteristics of the Group). 

Order 1. — Myxospongia (gelatinous sponges). Soft, fleshy sponges, 
any skeleton, with a hyaline gelatinous mesoderm, often 
g fibrous coids. The ectoderm cells are fairly elongated, 
flagella. 

isarcidee. llalisaroa I)uj. JI. loin (lari* 0. K., colour dark violet; 

; Sebenico. H. Dt/ja rdm t i Johnst., forms a white encrustment on 

of the North Sea. 

Order 2. — Ceraospongia (horny sponges). For the most part 
branched or massive sponge stocks, with a framework of horny 
fibres, in which grains of silex and sand are present as foreign 
bodies. 

Fam. Spongiadee. Euxpony in O. 8., with very elastic fibrous framework, of 
equal strength throughout, mostly capable of being used for bath and washing 
sponges. E. ad nation 0. S., equina 0. S., zimoeea 0. 8., in the Greek Archi- 
pelago, molismma O. S., Levantine sponge, cup-shaped. Sjwngdia degas* 
Nardo. 

Order 3. — HalichondrIvE (siliciceratous sponges). Sponges of 
very various shapes, with usually uniaxal silicious needles, simple 
silicious spieula, which are connected by delicate or firmer plasmatic 
structures, disposed in networks or enclosed in sponge fibres. Of 
the numerous families the following may be mentioned : — 

Fam. Chrondrosidse. ((rummniero), Coriaceous sponges. Ch rondrosia reni - 
for mi* Nardo. 

Fam. Suberitidee. Sponges of massive form, with knobbed silex spicules, 
which, as a rule, are arranged in network. Suberitc * r Nardo. K donut non ia 
Nardo, Adriatic, Mediterranean. 

Fam. Spongillids. Massive or branched with simple spicules, connected by 
investments of sarcode. Spang ilia Jfuviatili * Lk., Sp. locust ri * Lk. 

Order 4. — Hyalospongia. Sponges with a firm, often hyaline 
lattice-work of silex ‘spicules, which present the most perfect form of 
six-rayed spicules ( llexactinellidce ), and may be cemented together 
by a stratified silicious substance. 

Fam. Hexaotwellide (glassy sponges). With connected silicious framework 
and network of stratified silicious fibres, which join the six-rayed silicious 
bodies, frequently with isolated spicules and tufts of silex hairs, which serve to 
attach the sponge. They live for the mast part at considerable depths, and are 
allied to the fossil Ventriculit idee. Dactyloealyx Bbk. Euplootdla Owen 
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M aspergillum Owen, Philippines. In the Ixxly cavity of the glassy sponge 
are found Aeya sponyipbila, and a small Pahrmon . Hyalont ma Sieholdii 
■Gray, Japan. H. bore ale Lov6n, North Sea. 

Order 5 . — Calcispongee, Calcareous sponges. Usually colour- 
less, sometimes red-coloured sponges and sponge stocks, the skeletons 
of which consist of calcareous spicules. These are either simple 
needles (as they first appear in the embryonic form) or three or four- 
armed cross spicules. Very often, however, we meet with two or all 
three forms of spicules in the same sponge. 

Fam. Aiconid© (Levcosolrnida, Ascons). Calcareous sponges, the walls of 
which are pierced by simple canals. Grant ia Lk. (Lev r oxol mi a Bbk.), these 
are divided by E. Haeckel into seven genera, Aseysna, Axcetta , Axe ilia, A Mortis, 
Asculmis , Await is, Ascaitdra, according to the form of the calcareous needles or 
spicula. Gr. botry olden Lk. (Ascandra eomplieata E. IJaeck), Heligoland, 
nearly allied to Gr- LieberbiilniU O. S. from the Mediterranean and Adriatic. 

Fam. Leuconid© {Grant itd re, Leucons), calcareous sponges, with thick wall, 
which is pierced by branched channels. Lcuconia G-rt. , divided by E. Haeckel 
into seven genera, according to the form of the calcareous spicules — Lruryxm, 
Lencetta , Lcucilla , Levrortis, Lturulmis , Li'ncaltb f, Leurandra. L. ( Lcucctta ) 
primiycnia E. Haeck. 

Fam. Sycondi© (Sycons). Mostly solitary calcareous sponges, with thick 
walls, which are pierced by straight radial tubes. The latter pi eject on the surface 
as conical prominences of the wall. Sycon Itisso, divided by E. Haeckel into 
seven genera — Sycyssa , Sycetta , Sy cilia, Sy cart is , Sy culm is, Sy call is, Syeandra . 


Sub-group II. — CNIDARIA (Ccelenterata, s. str.) 

Coelenterata , with consistent tissues not pierced by a system of pores ; 
the 08culum is replaced by a mouth ; with thread cells in the epithelial 
tissues. 

The Onidaria represent the Ccelenterata in a more restricted sense ; 
and in their structure the radial symmetry appears more strongly 
marked. In them the amoeboid cell, as an independent tissue unit, 
loses its importance for the functions of locomotion and nourishment, 
although the entoderm cells often possess the power of absorbing 
solid particles, after the manner of the amoebae. The gastro vascular 
apparatus, on the contrary, functions distinctly as a digestive and 
circulatory body cavity. Pore systems in the skin are not required 
for the introduction of nourishment, since the mouth, which corre- 
sponds to the osculum, provides for the reception of food. Nemato- 
cysts are very commonly found as productions of the epithelial cells, 
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principally of the ectoderm, but also of the entoderm. Each Cnido - 
blasty from the contents of which a nematocyst is developed, possesses 
a fine superficial plasmatic process ( Cnidocil ), which is probably very 
sensitive to mechanical stimuli, 
and occasions the bursting of 
the capsule. 

frequently the Cnidoblasts 
tnd thickly grouped to- 
; certain places, and form 
swellings or batteries 
The differentiation of 
t organs also appeal's to 
ave leached a higher stage in 
the Cnidaria , in comparison with FlG 188—1 Group of nematoc^tw at the end 

, . 71 . . . , . , of the tentacle ot a S< t/phitfoma 

the Fomfera , in which cnidoblasts 

have not hitherto been discovered. Sense cells, in particular, are 
found in the ectoderm, and these are not seldom grouped together 
as specific sense organs. Nerve cells and fibres are also present; 
the latter often 



form a deeper 
layer of fibrous 
tracts beneath 
the superficial 
layer of the ec- 
toderm, with 
which they stand 
i n connection 
through pro- 



Fio 109. —Longitudinal section through the nerve ring of Charyhdta 
Sz, Sense cells m the ectoderm , Oz, ganglion cells , Nf, nerve 
fibres , Stl y supporting lamella ; E, entoderm cells 


cesses of the sense cells. Amongst many Medusa? ( Craspedota and 
Charybdea) we find a single or double nerve ring near the edge 
of the disc, while in the Polyps (Actinia), the nerve fibres have a 


more irregular distribution (fig. 169). 


CLASS I . — ANTHOZOA* «=■ ACTIN OZOA polyp s). 

Polyps with oesophageal tube and mesenteric folds , with internal 
generative organs (no medusoid sexual generation), usually with solid 
mesodermal calcareous skeleton. 

The polyps of the Actinozoa are distinguished from the polyps 

* Ehrenberg, “ Beitrage zur physiologisehen Kenntniss der Korallenthicre im 
Allgemeinen und besonders des rothen Mem*.” Ehrenberg. “ tJber die Natur 
und Bildung der Korallenbanke,” Ablt. (hr IfrrJ. Altad , 1832. Ch. Darwin, 
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of the Hydromedusae by their larger size and the more com- 
plicated structure of their gastrovascular cavity (fig. 43). The 
latter is not a simple cavity in the body, but is divided by numerous 
vertical partitions, the mesenteric folds , into a system of vertical 
pouches which communicate with one another at the bottom of 
the gastric cavity. In addition a system of capillary passages is 
also frequently present in the body wall. At their upper extremity 
the pouches are continuous with the canals leading into the hollow 
tentacles, since the edges of the mesenteries bounding them unite • 
with the wall of the oval tube which hangs from the mouth. An 
opening may however persist in each mesentery underneath the oral 
disc, putting the neighbouring chamber* in communication. The 
oral tube has the significance of an oesophagus, and possesses at its 
internal end, where the peripheral chambers open into the central 
cavity, an opening capable of being closed, by means of which its 
cavity stands in communication with the gastrovascular system. The 
mouth is used not only for the reception of food, but also for the re- 
jection of excreta. The secretions of the coiled and twisted filaments 
(mesenteric filaments) at the edge of the mesenteries must be regarded 
as aiding in digestion (fig. 43). 

The body of the polyp consists of an external coating of cells, 
an internal layer lining the gastric cavity, and an interposed 
connective tissue layer of very various thickness and structure 
(mesoderm). The latter appears rarely as gelatinous tissue, and 
more frequently as a tough homogeneous connective tissue containing 
spindle and star-shaped cells ( Alcyonidw , Goryonidce). This tissue can 
also assume the form of fibrous connective tissue, and become the 
seat of calcareous deposits. Muscle fibres, which take their origin 
from the entoderm cells, can also appear in the mesoderm ; while the 
newly discovered ectodermal sense epithelium and nerve fi brills 
keep their superficial position in the region of the oral disc and on 
the tentacles. The generative products arise on the mesenteries 
near the mesenteric filaments as band-shaped or folded thickenings, 
and, according to Hertwig, are products of the entoderm. The sexe* 
are for the most part separate, although hermaphrodite individual 

“ The Structure and Distribution of Coral Reefs,” London, 1842. J. D. Dana 
•* United States Expl. Expedition. Zoophytes." Philadelphia, 1846. M. Edward 
et J. Haime, “ Histoire naturclle des Corailliares,” 3 Tom, Paris, 1867 — 1860 
Lacaze Duthiers. •• Histoire naturclle du Comil," Paris, 1864. Gosse, “ Actinc 
logia britannica," London, 1 860. Kolliker, “ Anatomisch-systematische Beschrei 
bung der Alcyonarien,” 1872. Moseley, ** The Structure and Relations of th 
Aleyonarian Helio}>ora coerulea. etc Philoxaph. Tran met torn of the Hoy. Soc 
1876. 
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are met with. In rare cases all the individuals are hermaphrodite, 
e.g,, Ceria7ithu8. 

The embryos produced from the fertilised ovum, which undergo 
a complete segmentation, are frequently born alive as cilated larvae, 
and possess an internal gastric cavity, and an oral aperture situated 
at the pole, which is directed backwards during movement. They 
then fix themselves by the pole opposed to the oral aperture and 
protrude in the region of the mouth first two, then four, eight, 
twelve, etc., tentacles ; in the Octactinia eight tentacles at once. 

In the Poly actinia , the tentacles and mesenteric pouches of which 
are arranged in multiples of six, it was till recently erroneously believed 
with M. Edwards that six primary mesenteries were first developed, 
then six secondary between them ; then twelve were formed, then 
twenty-four, etc., so that mesenteries of equal size were of equal age 
and belonged to a cycle formed at one time. Lacaze Duthiers 
however produced proofs that the increase of mesenteries and of 
tentacles follows an entirely different law of growth, and that these 
structures in the first phases of development show a bilateral 
symmetry; and it is only later that the six radial symmetry 
appears by the equalization of the alternating elements of unequal 
age. A remnant of the primitive bilateral symmetry is moreover 
often preserved in the elongated mouth slit, which falls in the 
plane of the two primary tentacles. 

Amongst the Poly actinia the very young larva? of the Actinia 
{A. mesembryanthemum , Sagartia, B anodes) have been most accu- 
rately investigated. They are small ciliated planula?, one pole of 
which is somewhat drawn out and bears a tuft of longer cilia. The 
opposite end of the body is flattened and pierced with a mouth. 
This leads by a short oesophageal tube, which arises by invagination, 
into the narrow gastric cavity. The first differentiation consists in 
the appearance of two folds placed opposite each other, which divide the 
gastric cavity into two unequal chambers. The mouth is drawn out 
in the form of a longitudinal slit symmetrical with and at right 
angles to these primary mesenteric folds ; so that by means of 
them the position of the median plane can be determined. Two new 
folds soon arise in the larger chamber, which we will call the anterior ; 
these lie opposite to one another and symmetrically with the median 
plane ; so that four chambers are now present, an anterior, a 
posterior, and two smaller lateral ones. A third pair of folds are 
then developed in the posterior space, and a fourth pair follow 
quickly in the lateral chamber.^ : the fourth pair are slightly smaller 
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than the preceding ones. After an interval four new folds appear, one 
on each side of the two primary mesenteries (fig. 170). The twelve 
gastrovascular chambers thus formed gradually become equal m 
size, and can be separated into two unpaired chambers situated in 
the median plane, and into live pairs placed symmetrically on 
either side of it. 



Fig 170— From the history of the development of Attmm meaemhryanthemum (after Lacaze 
Duthieis) a, Larva with eight mesenteries and two coiled hands , O, mouth 6 , Slightly 
more advanced larva with the commencement of eight tentacles <?, i/, Young Actinia 
with twenty four tentacles, two longitudinal sections at nght angles to one anothei e , 
Mouth and tentacles seen from the 01 al sui face 

The tentacles begin to develop before the appearance of the fifth 
and sixth pairs of mesenteries. They appear at the oral end of the 
gastrovascular chambers, and the tentacle of the anterior unpaired 
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Fig 171 — Blastotrocku 
nut) ix (after O Sem- 
pei ) LK, Lateral had 


chamber* appears first, surpassing in size those which follow it. The 
opposite (posterior) unpaired tentacle and the other paired tentacles 
then make their first appearance as small wart-like prominences. 
When the twelve tentacles have been formed, they become alter- 
nately equalised, so that six larger tentacles, 
amongst which are reckoned the unpaired ten- 
tacles of the long axis, alternate with the same 
number of smaller ones, and we have two circles 
of six tentacles of the first and the same number 
of the second order. 

The asexual reproduction by gemmation and 
fission is of great significance. Buds can be 
formed in various positions, even at the oral 
end, m which case a strobila-like form appears. 

In Blastotrochus the buds appear at right 
angles to the axis of the parent animal (fig. 

171 ) . 

If the individuals so pioduced remain connected with one another, 
a polyp-stock is formed, which may attain very various forms and 
great «dze As a rule the individuals aie imbedded in a common 
body mass, the camencliym, and their gastric cavities communicate 
more or less directly, so that 
the juices acquired in the in- 
dividual polyps penetrate into 
the collective stock. This stock 
affords us an excellent example 
of an animal community built 
up out of similar membeis. 

The formation of the geneiative 
products alone is distiibuted, as 
a rule, to different individuals, 
which, however, unite in dis- 
charging all animal and vege- 
tative functions together (fig. 

172 ) . 

The skeletal formations of the Fig 172 —Branch of a Polyparmm of Cot album 

i . n /. rvibrum (after Lacazc Duthiers) P, Pol^p. 

polyps are specially worthy of v 

remark ( Polyparia ). In almost every case, with the exception of Ac- 
tinia, there is a deposit of solid calcareous matuer in the mesoderm, and 

* Like the fiist tentacle of the voting bcyph^stoma polyp among the Hydro - 
M( dusa , 
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according to the density of this deposit, there is produced a leathery, 
chalky, or even stony framework. 

If isolated needles or toothed rods (fig. 173) of calcareous substance 
are distributed beneath the epidermis and the ccenenchyma, the 
polyp-stock has a flashy, leathery nature (. Alcyonaria ) ; but if, on the 
contrary, the calcareous structures are fused together or are cemented 
together in a larger mass, a solid, more or less firm, often stony cal- 
careous skeleton is developed ( Madreporaria ). In the individual 
animals the formation of this sub-epidermic skeleton begins on the 

foot surface, and advances 
thence in such a manner that 
near the calcareous foot-plate 
there is formed in the under 
part of the polyp body a more 
or less cup-shaped theca, from 
which numerous perpendicular 
plates, the septa , radiate in- 
wards. In the cup-sliaped cal- 
careous framework of the 
individual polyp, the structure 
of the gastrovascular cavity is 
repeated, with the exception 
that the calcareous septa cor- 
respond to the interspaces of 
the mesenteries (fig 174). 
The number of the septa in- 
creases as does that of the 
mesenteries and tentacles with 
the age of the polyp according 
to the same laws. At the 
same time a great number 
of systematically important 
modifications of the skeleton are effected by further differentiation. 
A column-like, calcareous mass sometimes arises in the axis of the 
cup {columella), and in its neighbourhood a circle of calcareous 
rods (pali), which are separate from the septa (fig. 175). There may 
further be formed between the lateral surfaces of the septa processes 
of calcareous substance as interseptal rods or horizontal shelves 
{dissepimenta ) ; also on the outer side of the wall of the theca ribs 
{costce) projecting beyond its external surface, and similar dissepi- 
ments, may be produced between these. 




Fig. 17 4.— Vortical section through a polyp of A*troide» gemmation and imper* 
culyculari* (after Lacaze DuthierR). The mouth open- 


ing and oesophageal tube are seen as well as the me- 
senteries fastened to the same , also the calcareous 
septa between the mesenteries, and the columella of 
the Hkeleton, SI 



Fig. 176 . — Madrepora verm- 
cowi after Ed. H. 


feet fission. According 
to the method, nume- 
rous modifications of 
branched stocks are dis- 
tinguished, e.g., Madre- 
pores (fig. 176), Oculi- 
nidev (fig. 177), and the 
lamellar and massive 
stocks as Astrcm (fig. 
178) and the Mimn - 
drinidcs (fig. 179). 

The Antkozoa are all 
inhabitants of the sea, 



and live mostly in the warmer zones, but certain types of the fleshy 
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Fig. 


Octactinia and Actinia are distributed in all latitudes. The polyps 
which build banks and reefs are confined to a zone extending about 
28 degrees on either side of the equator, and only here and there 
extend beyond these bounds. They live for the most part near the 
coast, and produce there in course of time rocky masses of colossal 
extent by the accumulations of their stony calcareous frameworks. 

These masses may form coral reefs 
( atolls , harrier reefs, fringing 
reefs), which are perilous to ship- 
ping, and may also become the 
foundations of islands. In both 
cases a gradual alteration of 
level, the raising of the bottom 
of the sea, assists the work of 
the coral animals. The presence 
of the coral banks in the deep 
sea is, on the other hand, due 
to a continual sinking of the 
sea-bottom 

The part which the A nthozoa take in the alteration of the earth’s 
surface is considerable. In the present time they protect the coast 

from the consequences 
of the breaking of 
the waves and assist 
in the formation of 
islands and rocks by 
producing immense 
masses of calcareous 
matter. In earlier 
geological epochs they 
have played a still 
more important part 
judging from the 
great thickness of 
the coral formations of the Palaeozoic period and of the Jurassic 
formation. 


178 . — Astraea (Gonia strata) pectinata 
Ehrbg. (after Klunzmger) . 



Fig. 170 . — Maandrma (Cceloria) arabica K1 z. (after Klun- 
zinger) . 


Order 1. — Rugosa = Tetracoralla. 

Palaeozoic Corals with numerous symmetrically arranged septa , 
grouped in multiples of four . 

To these belong the families of the Cyathoph yllidce, Stauridce, etc . 
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Order 2. — Alcyonaria = Octactinia. 

Polyps and polyp stocks with eight plumed tentacles and the same 
number of uncalcified mesenteric folds . 

The calcareous secretions of the so-called cutis lead to the forma- 
tion of fleshy polyparia or of friable crusts surrounding an axial 
skeleton, which is sometimes horny, sometimes calcareous and stony, 
or of rigid calcareous tubes ( Tubipora ). In all cases definite cal- 
careous bodies, the sclerodermites, form the foundation of the 
skeleton. The embryos are mostly bom as ciliated larvae, without 
mesenteries or tentacles. The separation of the sexes in different 
individuals is the rule (fig. 172). 

1. Fain. Alcyonid®. Fixed polyp stocks without axial skeleton, usually 
with a fleshy, leathery polypariura, with only a slight deposition of calcareous 
matter in the cutis. The colonics .arise either through lateral gemmation, 
when they form lobed and ramified masses, e.g. Alcyonium jmlmatvm , Pall., 
difjitatum L., or the individual animals are connected l?y basal buds and root- 
like processes, Cornularia craxsa Edw. 

2. Fam. Pennatulidee (Sea feathers). Polyp stocks, the naked free basis of 
which is embedded in sand and mud, usually with horny, easily bent axial 
skeleton. There are small sterile polyps as well as the sexual animals. The 
presence of an opening in the stem for the ejection and reception of water is 
worthy of remark. The animals sometimes are placed on the side twigs of the 
stem, and the polyparium is feather-like, c.//., PennaUtla rubra Ellis ; some- 
times they are distributed on all sides of the simple stem, o/., the dioecious 
Ve ret ill tun ctjnomorium Pall. In other cases the polyparium appears fiat and 
shaped like a kidney, with a bulbous root without an axis, Rentlla vtolarea 
Quoy. Gaim., or a kind of umbel is formed by the aggregation of the polyps at 
the upper end of a long stem, Umhellula Thomson it Kdll. 

3. Fam. Gorgonid®. The lixed colonies possess a horny or calcareous tree- 
like branched axial skeleton, which is surrounded by a friable crust, or by a 
softer parenchyma containing calcareous particles. The body cavities of the 
individual animals communicate by branched vessel-like tubes which contain 
the common nutritive fluid. The axis is either homy, flexible, and unjointed, 
as, e.//. y (rovtjontu verrueom Pall., (Rh iphlogorfjia) fl a hell tun L., or composed 
of alternating horny and calcareous segments, as, c.//„ Ixi* htjtpurts Lam., 
Melitliwa oehracea Lam., or stony and formed of calcareous matter. The red 
coral, Corallium rubrum Lam., falls under the last head, and yields the coral 
stone which is used in jewellery. This species is found in the Mediterranean, 
on the rocky coasts of Algiers and Tunis, and there forms an important object 
of industry. 

4. Fam. Tubiporid®, organ coral. The poliparia resembling the pipes of an 
organ. The animals are placed m parallel calcareous tubes connected by hori- 
zontal plates. Tubtpora Henipnchtii Elirbg. 

Order 3. — Zoantharia ~ Hexactinia. 

Polyps and polyp stocks , whose tentacles usually alternate in several 
circles , and are either six or some multiple of six in number . 
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The body is seldom quite soft, or with a leathery framework ; as a 
rule it has a calcareous stony polyparium with radial striations. 
Separated sexes are the rule, but hermaphrodite polyps (Actinia) 
are not seldom to be met with. The polyps very generally retain 
their embryos for a long time, so that they are born eight or twelve 
rayed, with rudimentary tentacles. Many give rise to coral reefs 
and islands (figs. 175 — 179). 

1. Antipathabia. Mostly with only six tentacles, and horny skeletal axis. 

Fam. Antipathidae. Polyp stocks with soft noil-calcareous body, but with 

simple or branched axial skeleton. Only six tentacles surround the mouth, e.g n 
Ant ipatliex Pall. 

2. Actiniaria, with no hard structure. 

Fam. Actinid&, with soft body ; sometimes single animals with several 
alternating circles of tentacles, Actinia L. ; sometimes connected in stolons 
and aggregated to form stocks, Zoanthu * Cuv. The former are able, by means of 
their contractile foot, to leave their place of attachment and to move freely. 
Many reach a relatively considerable size, and possess beautiful colours. Under 
the name of sea anemones they are the ornaments of salt water aquaria. 
Actinia niexemhryantheinum L. The skin sometimes secretes a glutinous mass 
filled with nematocysts or a kind of membrane, Ccrmnthux Delle Ch. 

3. Madreporaria with continuous hard calcareous skeleton. 

(a) Ajtarom. 

Fam. Turbinolid®. Mostly single polyps with compact calcareous frame- 
work, imperforate thecae, and well developed septa, the spaces between which 
are open to the bottom. TurhhwUa Lam., FtahcUum Less., Caryoph if lit a 
Lam., C\ cyathun Lam., Jilaxtotrvchvs Ld. H. 

Fam. Oculinidae. Polyp stocks with hard usually branched polyparium, with 
coenenchyma rich in calcareous matter, and but few septa in the cup of the 
individual. Oculina virginca Less., Indian Ocean. Atnjjh ihelia vcvlata L., 
white corals of the Mediterranean. 

Fam. Astrae'idae, Star corals, Mostly massive polyp stocks with fused thecas, 
and without coenenchyma. The septa have sometimes cutting edges, sometimes 
toothed edges. The interseptal spaces are filled with horizontal partition walls. 
Evxmilia Edw. The single animals are produced by fission and remain 
connected only at their bases. They produce a cespitous polyparium, the 
septal edges of the cup being cutting. Galatea Oken. The single cups arise 
by gemmation, are free at the upper edge ; the septa have cutting edges. Axtrcra, 
Lam.* single cups fused throughout the entire wall. The septal edges of the 
cup are jagged. Mceandrtna Lam., the neighbouring cups fused to form long 
valley sy M. Crassa Edw. H. 

Fam. FungidflB. Mushroom corals. Usually with large flat single cups, some- 
times pilyp stocks ; without thecae, with numerous strongly developed septa, 
toothed and connected by synapticulae. Fungia (Uncus Dana., Halimitra 
Dana., Laphoserix Edw. H. 

(b) Perforata. 

Fam. Madreporid®, Madrepores. Polyps and polyp stocks with porous 
coenenchyma and perforated thecae. Gastric cavity open at the bottom and 
communieatirig with the central canal in the axis of the branched polyparium. 
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Septa but slightly developed. Madtrpova wreiconu* Lara., Dendrophyllia 
rtmmi Edw., Mediterranean, Ant mid ex rah/nolaris Pall. 

CLASS II. — POLY POME DU S^E.* [HYDROZOA.] 

Polyps without oesophageal tube , with simple gastrovascular cavity . 
The generative elements are developed in medusoid forms which may 
be either free-swimming , or permanently attached to hy droid forms . 

This class includes the small polyps and polyp stocks, and the 
Medusae which form the sexual generation. The Polypomedusce 
have always a simpler structure than the Anthozoa to which they 
are also usually infe- 
rior in size. They 
lack msophagus, 
septa, and gastrovas- 
cular pouches. Only 
the polyps of the a- 
sexual generation of 
the Scyphomeduste 
[Acraspeda], known 
as Scyjihistoma, pos- 
sess a remnant of 
the gastric folds as 
four gastric ridges 
from which filaments 
are developed. The 
polyp stocks develop 
in rare cases ( Mille - 
poridce ) a compact 
calcareous framework 
comparable to the 
polyparium . Wh en 

skeletal formations 
are present they con- 
sist as a rule of more 

Fig. 180 a. -Branch of an Obelia-stock (0 t gelattno*a). O , 
Or less homy secre- Mouth of a nutritive polyp with extended tentacles. 3f, 

tions of the ectoderm Medusa buds on the body of a proliferous polyp (blasto- 

9 style) : Th t bell-shaped cup (theca) of a nutritive polyp. 

which as delicate 

tubes surround the stem and its ramifications, and sometimes form 
small cup-like structures surrounding the polyp, and known as 

* Escholtz, “System der Acalephen,” Berlin, 1829. Th. Huxley, “Memoir 
on the Anatomy and Affinities^ of the Medusas,” Phil. Tran London, 1849. 
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hydrothecae (fig. 180 a). A more or less stiff mesoderm lamella is 
also developed in the interior of the body wall, between the ectoderm 
and the endoderm. This serves to support the soft parts of the 
animal, and, in the Medusce , is in part represented by the gelatinous 
connective tissue of the disc. 

The Medusa (fig. 180 b) is without doubt morphologically higher 
than the Polyp, since it represents the mature sexual individual, 
while the Polyp performs the nutritive and vegetative functions. 

The Medusa, in correspondence with its power of free locomotion, 
possesses an ectodermal nervous system and sense organs. The 
nervous system consists of nerve fibres and ganglion cells, and is 
usually specially concentrated round the edge of the disc, where it 

forms a double ring of 
fibres running parallel 
to the circular vessel. 
The sense organs are the 
so-called marginal bodies. 
The generative pro- 
ducts of the Medusae 
either have their origin 
in the ectoderm, in 
which case they may be 
developed on the under 
surface of the disc (sub- 
umbrella) in the ecto- 
derm immediately un- 
derlying the radial 
Fig 180 b. Free Medusa of ODelia gelatmoaa a* yet amals (EvcopidwY or in 
without generative organs, g, auditory vesicles. v * n 

the ectoderm of the 
manubrium (Oceanidce); or they may arise from the endoderm of 
the under surface of the umbrella (a Sct/phoinedusfr). 

Both Polyps and Medusa? frequently remain at a lower grade of 
morphological differentiation, the former becoming polypoid appen- 
dages, the latter meduvsoid buds enclosing the generative products. 
In either case they are situated on the stem or on some part of the 
Polyp. The individuality of such appendages appears limited ; the 
medusoid or polypoid animal sinks, physiologically speaking, to the 
value of a portion of the body or of an organ, while the entire stock 

L. Agassiz, Contribution to the 'Natural History of the United States, Aca- 
lephie,” vol. iii., 1860, vol. iy., 1862. E. Haeckel, “ System der Medusen,” 
Tom. I. and H., Jena, 1880 and 1881. 
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approaches more nearly to a single organism. The more completely 
polymorphism and division of labour are impressed upon the polypoid 
and medusoid appendages, so much higher becomes the unity of the 
whole which is morphologically a colony of animals. In these cases 
it is often difficult to distinguish between budding and simple growth. 

For a long time it was considered as a remarkable circumstance, 
hardly admitting of a satisfactory explanation, that organisms which 
differed so widely as Polyps and Medusae — they had, indeed, been 
systematically separated as different classes — should only form dif 
ferent stages in the life-history of a single cycle of development and 
thus be united in the closest genetic connection. The theory of 
“ Alternation of Generations ” contained only a description of the 
matter, and offered no explanation. The discovery of the mode of 
origin of the Medusa as a bud on the body of the Polyp first 
clearly demonstrated the direct relation of the two forms, for it 
proved that the Medusa is a flattened , disc-sliaped Polyp with a 
shallow but wide gastric cavity , the peripheral part of which has , 
by the fusion of its upper and lower widls along four , six , or 
eigltt radiating areas , become divided into the vascular poaches 
(; gastric pouches ), or, as they are called, radial canals , which 
correspond to the gastro vascular pouches of the Anthozoa. The 
differences consist, in connection with the diseoidal form, mainly in 
the position of the gastric tube as an external appendage, the manu- 
brium, and in the great reduction in height of the radially extended 
septa (mesenteries), which are traversed by a layer of endoderm cells, 
the vascular or endoderm lamella. This layer is derived from the 
fusion mentioned above of the aboral with the oral layer of the 
endoderm of the peripheral part of the gastro-vascular cavity. At 
the same time the oral disc becomes enlarged and concave to form 
the cavity of the bell, the ectodermal lining of which gives rise to 
the muscles of the subumbrella. The supporting substance of the 
arched (after it is freed from its attachment) aboral surface of the 
disc becomes very much thickened and gives rise to the gelatinous 
substance (mesodermic), which sometimes contains cells ; while that 
of the oral surfiice keeps the character of a thin but firm lamella, and 
serves as a support for the muscles on the under surface of the disc. 
The tentacles accordingly arise near the edge of the disc, and become 
the marginal tentacles of the Medusa. In addition to these, four 
simple or branched oral appendages appeal 1 as outgrowths from the 
manubrium. 

In addition to the sexual reproduction, asexual multiplication is 
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widely distributed, especially amongst the polypoid forms, in which 
it leads to the formation of polymorphous animal stocks. The two 
forms of reproduction alternate for the most part in regular order, 
so as to produce different generations. There are, however, Medusae 
( Aeginopsis , Pelagia) which proceed without alternation of genera- 
tions and develop directly from the ovum by continuous development 
with metamorphosis ; but, as a general rule, the egg of the Medusa 
(phanero-codonic gonophore) or the medusoid generative bud (adelo- 
codonic gonophore) produces a Polyp, and this Polyp either at once, 
by transverse fission (ticyphomeduscB), or later, after a longer period 
of growth, in which a sessile or free-swimming polyp stock is pro- 
duced, gives rise to a generation of free-swimming Medusae, or of 
medusoid buds which never become separate from the polyp stock. 
The Hydromedusae feed entirely on animal substances, and for the 
most part are inhabitants of the warmer seas. The free-moving 
Medusae and Siphonophora are phosphorescent. 

Order 1. — HydromeduSjE/*' 

Colonial for ms , the individual Polyps of which are without < esophageal 
tube or mesenteric folds. The sexual generation has the form either 
of 8 mall free-swimming Medusae provided with a velum ( Craspedote 
Medusa) or of medusoid generative buds (rudimentary Medusae) 
which remain attached to the hy droid colony . 

The Polyps and polypoid forms are the asexual individuals. They 
form small moss- or tree-like stocks which are frequently surrounded 
by chitinous or horny tubes (cuticular skeleton). These exoskeletal 
structures may become extended into cup-like hydrothecae surrounding 
the individual Polyps. The stem and ramified branches [cnenosark] 
contain a central canal which communicates with the gastric space of 
each individual Polyp and polypoid appendage and contains the 
common nourishing fluid. 

The Polyps have no oesophageal tube, and the ciliated gastric 
cavity is undivided by mesenteries. As a rule, the ectoderm and 
entoderm remain simple, and are only separated by a thin interposed 
supporting lamella which does not contain cells. The presence of 
elongated muscle fibres as processes of the ectodermal epithelial cells 
is very general (Hydra, Podocoryne). These muscles may, however, 

* L. Agassiz, “Contributions to the Natural History of the United States of 
America,*’ vol. ii. — iv., 1860 — 1862. G. J. Allman, “A Monograph of the 
Gymnoblastic or Tubularian Hydroids,” vol. i. and ii., London^ 1871 and 1872. 
N. Kleinenberg, “ Hydra,” Leipzig, 1872. O. and R. Hertwig, “ Das Nerven- 
system und die Sinnesorgane der Medusen,” Leipzig, 1878. 
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be separated as an independent layer of nucleated fibre cells below 
the epithelium. 

The Polyps are not invariably alike, proliferous Polyps (or 
Blastostyles) being frequently found as well as the nutritive ones. 
The proliferous Polyps develop generative buds on their walls. The 
sterile Polyps may differ from one another in the number of tentacles 
and in their entire form, so that different kinds of individuals may 
be found on a single stock. Thus we find the polymorphism of the 
Siphonophora foreshadowed amongst the Ilydroidea ( Podocoryne , 
Plu/nularia). 

The generative products are only exceptionally developed in the 
Polyp body itself, in 
which case they are 
produced in the ecto- 
derm [Hydra). This 
exception is probably 
to be looked upon as 
an extreme case of 
degeneration of a 
medusoid bud. As a 
rule the generative 
products are de- 
veloped in special 
medusoid buds [gono- 
phores] formed from 
both cell-layers. 

In the most simple 
cases the budding in- 
dividuals of the sexual Pig. 181 . — Podocoryne camea (after C Grobben). P, Polyp , 
generation contain a Medusa bud on the proliferating polyp; S, spiral- 

. . zooid , Sk, skeleton Polyp (compare the lree Medusa, 

diverticulum of the 154). 

gastric cavity of the 

polyp-shaped parent or of the axial cavity of the hydroid stock. The 
generative products become accumulated around this diverticulum 
[II ydractirda echinata , Glava squaniata). In a more advanced 
stage we find a mantle-like envelope enclosing the bud, and con- 
stituting the rudiment of the umbrella, with a continuous vascular 
lamella or with more or less developed radial vessels [Tab ularia 
coronata , Eudendrium ramosum , Van Ben.) Finally, at the highest 
stage, the buds develop into small Medusae ( C ampanularia gelatinoscv 
van Ben., Sarsia tubulosa), which become free, and sooner or later, 
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often only after a long period of free life, in which they become 
much larger and undergo a metamorphosis reach sexual maturity. 

The Medusae belonging to the order Hydromedusa* are, with but 
few exceptions, distinguished from the Acalephtr (Scyphomedusse) 
by their smaller size — although certain forms, for example Ae(ptorea, 
may attain such a size as to have a diameter of more than a foot — and 
by their simpler organization. The number of their radial vessels is 
-mailer (4, 6, or 8), their sense organs (marginal bodies) are not 
covered by folds of membrane (hence G (/nmophthalmata Forbes), and 
they have a muscular velum (hence (Jraspedota Gegenbaur) (fig. 1 82). 
The generative products are always formed from the ectoderm, and 
originate on the walls of the radial canals or of the manubrium, but 

ne\er, as in the Acalepha , 
in diverticula of the gastric 
cavity. 

The hyaline gelatinous 
substance of our Medusae 
is, as a lule, structureless, 
and contains no cellular 
elements ; there may, how- 
ever, be fibres running per- 
pendicularly through it 
( Liriope ). These fibres are 
probably derived from 
cell processes of the ecto- 
derm and entoderm, and 
have arisen contemporane- 

Fjg 282 — P/aaladmm cat labile repiesented fiom the Olisly with the gelatinous 
underside of the uml>rel1 a T , Velum , O, mouth , 

Or, ovan , Ob, anditoiy veBicle , Iff, tentacles on U1SC, Which IS itself to be 
the mai gm of the dine, Ew, marginal swelling looked upon as an excretion 

product of the adjoining 

ectoderm and entodcim epithelium. 

The nerve-ring is placed at the edge of the disc at the point of 
insertion of the velum. It is covered by a sense epithelium com- 
posed of small cells bearing sense hairs, and has the form of a double 
fibrous cord containing ganglion cells. The larger upper nerve-ring 
runs above the velum, while the weaker nerve-ring, on the other 
hand, is placed below it. The lower nerve-ring is composed of larger 
fibres and larger ganglion cells ; bundles of fibrillae pass off from it 
to supply the muscles of the velum and subumbrella, where they 
form a sub-epithelial plexus interspersed with ganglion cells, between 
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the muscular epithelium and the fibrous layer. The ganglion cells in 
the upper nerve-ring are smaller, and the fibrillfe given off from it 
pass to the tentacles. The fibrillfe of the sense nerves may be derived 
from both rings. The marginal bodies have long been recognised as 
sense organs, and are either eye spots (ocelli) or auditory vesicles ; 
hence the Ilydromednscv may be divided into two groups, the Ocellata 
or V esiculata. 

In the Vesiculata the auditory vesicles are situated at the edge of 
the under side of the umbrella, and contain one or more concretions 
( otolith ) which are formed in the intenor of cells. Peculiar sense cells 
surround each vesicle-like cell containing a concretion. The curved 
hairs of these sense cells (auditory hairs) are in contact with the con- 
cretion vesicle. A nerve fibrilla enters the basis of the auditory 
cells (fig. 183). 



Fio 183 — Sense oigan on the 
1 nerve-ring and circular vessel 
of Octorchi * (niter O. and R 
Heitwig) Rb t Sense organ , 
O, O', two otoliths , Hh, audi- 
tor > cilia, Hz, auditoiy cells , 
Nv, upper nervc-nng , Hq, cir- 
cular vessel (T^ pe of the andi 



The audi- 
tory organs 
of the Tra- 
ci t ym edus w 
are placed 
above the 
velum, and 
are in con- 
nection with 
the upper 
nerve ling ; 

have 
the form of 

small projecting tentacles furnished 
with otoliths and auditory hairs. The 
tentacle may either project freely on 
the surface (T rocky nema\ or, as in 
Oeryonia , it may be placed in a vesicle 
(fig. 184) which lies in the gelatinous substance of the disc and close 
to the edge of the latter. 

Separate sexes are almost invariably the rule, but it is rare to 
find that the colonies are dkecious, i.e. 9 that male and female 
medusoids are developed in different colonies (Tnbularia). Gemma- 
tion has occasionally been observed among the Medusa {Sarsm 
prolifera) and division ( Stomobrachium mirabile ). The larvae of 
Cnnina, which are parasitic on the Geryonidte, may also there give 
rise to a cluster of buds. 


Fig. 181- — Auditoiy vesicle of Qny- 
onut (Cuniiai nta), seen from the 
sui face (attci () and R Hertwig) . 
N and N', The auditory nerves j 
Ot , otolith , Hz, auditory cells ; 
Ilk, auditoiy cilia (type of the 
auditoiy oigan ot the Trachy- 
meduxa). 
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The development of the ovum, which is, as a rule, naked ( i.e ., with- 
out a vitelline membrane), has hitherto only been completely followed 
out in a few cases. In every case the segmentation seems to be com- 
plete, and leads to the formation of a segmentation cavity and a 
single-layered blastoderm [a single-layered blastosphere]. The 
latter gives rise to a second endodermal layer of cells, which lines 
the segmentation cavity. The segmentation cavity thus becomes 
converted into the gastric cavity of the future polyp. The spherical 
or oval larva now either attaches itself and gives rise by budding 
to a small liydroid stock, or swims freely and develops directly into 
a small Medusa ( Trachymedmce ). 

The Medusa, after becoming free, usually undergoes a more or less 
fundamental change of form, which concerns not only the alteration 
caused by the enlargement of the umbrella and manubrium, but also 
the increase, according to definite laws, of the marginal tentacles, 
sense organs {Tima), and the radial canals {Aequorea). We must 
remark, however, that the sexually complete Medusa? exhibit very 
considerable variations in size, number of sense organs and tentacles 
{ Phynlidhun var labile, Clythia volubilis). 

The difficulty of systematic arrangement is augmented by the fact 
that closely allied Polyp stocks can produce different sexual forms. 
Thus, for example, Monocanlvs gives rise to sessile generative buds 
and Corymorpha to free Medusee {Steenstmpia). Medusa* of identical 
structure also, which one would place in the same genus, may form 
the sexual generations of liydroid stocks belonging to different 
families {isoyovism). There are also cases in which we find Medusa* 
of closely allied genera, some developed from hydroid stocks by an 
alternation of generations, and others developed directly. Hence 
it appears just as little satisfactory to found a classification entirely 
upon the sexual generations as to pay attention to the asexual 
generation alone. 

(1) Sub-order: Elen the r oblast ece, Simple hydroid Polyps without 
medusoid buds ; both generative products are developed in the body- 
wall of the Polyp. 

Fam. Hydroid®. Hydra, the fre&li- water Polyp. H. riridi .s L., ILfusea L., 
remarkable for threat powers of reproduction. 

(2) Sub-order : Ilydrucorallice. Coral-like hydroid stocks with cal- 
careous coenenchyma and tubular hydro thecae opening to the exterior 
by pores. Some of these contain the larger nutritive animals, while 
others contain animals without a mouth and beset with tentacles. 
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The latter are arranged usually in the form of a circle round each 
of the nutritive animals. The polyparia are found in the fossil state. 

Fam. Milleporid®. Millrpora L. M. ale ir or tit’s L. 

Fam. Stylasterid®. 

(3) Sub-order : Tubularice (Ocellata). Polyp stocks which are 
eithei* naked or clothed by a chitinous periderm without cup-shaped 
hydrothecae surrounding the polyp head. The generative buds 
arise on the body of the Polyp or on the stock. The Medusae which 
are set free belong to the genera Oceania , Sarsia, etc., and have 
ocelli. 

Fam. Clavid®. Polyp stocks with a chitinous periderm. Polyp club-shaped, 
with scattered, simple, filiform tentacles. The generative buds arise on the 
Poly]) body and for the most part remain sessile. Cnrdylophora Alim. The 
stock is branched ; there are stolons which grow over external objects. Oval 
gonophores covered by the perisarc. The animals are dioecious. In fresh 
water — C. laeust rix Alim. Albieola Kirchp., Elbe, Schleswig. The following 
are marine genera — Clara O. Fr. Miiller. Allied are the End end rid a> with 
End end mm ramoxum, L. 

Fam. Hydractinid®. Polyp stocks with flat extended coenenchyma and 
firm t'n crusted skeletal excretions. The Polyps are club-shaped, with a circle 
of simple tentacles. In addition to the latter there are large tentacle-shaped 
Polypoids (Spiralzooids). JTydract in ia van. Ben. The medusoid buds sessile 
on the proliferous animals, which arc without tentacles. JT. Eeliinata Flem. 
Podoeoryne Sars. (fig. 181). The generative buds are freed as Oeeanidcr. 
P. cam eft Sars. 

Fam. Tubularid®. Polyp stocks clothed with a chitinous periderm. The 
polyps possess a circle of filiform tentacles on the proboscis inside the 
external circle of tentacles. The generative buds arise between the two circles 
of tentacles. Tub alar i a L. The hydroid stocks form creeping root-like branches 
at the bottom, from which arise simple or branched twigs with the terminal 
poly]> heads ; the generative buds arc sessile. T. (Thaw nor nidi a Ag.) eoronata 
Abilg. dioecious. Cor y morph a Sars. The stalk of the solitary polyp is clothed 
with a gelatinous periderm, attaches itself by root-like processes, and con- 
tains radial canals which lead into the wide digestive cavity of the Polyp- 
head. The freed Medusa is bell-shaped, with one marginal tentacle, and 
bulbous swellings at the end of the other radial canals. C. nutans Sars.. t\ 
nana Alder. 

(4) Sub-order: Campannlarice (Vesiculata). The chitinous skeletal 
tubes widen out round the Polyp-head to form cup-like hydrothecse. 
The Polyp-head, the oral cone (proboscis), and tentacles can be in 
most cases completely retracted into these hydrotheca*. 

The generative buds arise almost regularly on the walls of the 
proliferous individuals, which have neither mouth nor tentacles. 
The buds are sometimes sessile, and sometimes become separated off 

10 
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as small vesiculate Medusae, with generative organs on the radial 
canals (Eucopidce, Geryonopsidce, Aequoridce). 

Fam. Plumularidffi. The hydrothecge of the branched hydroid-stocks are 
arranged in single rows ; those of the nutritive Polyp have small accessory 
calyces filled with nematocysts (nematocalyces). Phnnularia erhtata Lam., 
Antrim ulari a a ntenn'nui Lam. 

Fam. Sertularid©. Branched Polyp stocks, the Polyps of which project in 
flask-shajjed hydrotheeje on opposite sides of the stem. Dynamena punt Ha L., 
Sertularia ahiettna, eupresshui L. 

Fam. Campanularid© — Eucopid®. The cup-shaped hydrotheeje are placed at 
the end of ringed stalks. The Polyps possess a circle of tentacles below their 
conical proboscis. Ca m pa n u la r ia Lam. The proliferous individuals are 
situated on the branches and give rise to free Medusa*, bell- shaped, with a 
short manubrium with four lips, four radial canals, the same number of 
marginal tentacles, and eight inter-radial marginal vesicles. After separation 
the inter-radial tentacles are formed. C. ( Clyth ta) Joh ustou i = rid uhilis Johnst., 
probably with Europe ear tab ills Cls. Ohelia Per. Les., is distinguished from 
Campanulana by its Medusa*. These arc fiat, disc-shaped Medusa » with 
numerous marginal tentacles, but with eight inter- radial vesicles. O. dtehotoma 
L. = (Y \xmpa nvla via yelati twsa van Ben.), C. yenieulnta L., Loomed e a Lamx. 
The generative buds remain sessile in the hydrotheca of the proliferous polyps. 
L. ealieulata Ilincks. 

Fam. Aequoridae, Medusa » with numerous radial vessels and marginal tentacles. 
Aequorea Forsk. The Geryonops'uhe are allied here. Ort orchis E. Haeck. 
Tima. 

(5) Sub-order : Track ijmedusce. Medusce with firm, gelatinous 
umbrella, supported by cartilaginous ridges with stiff tentacles filled 
with solid rows of cells ; these may be confined to the young stage 
(larvae of Geryonidce). Development by metamorphosis without 
hy droid asexual individual. 

Fam. Tr achynemidffi , with stiff marginal tentacles, which are scarcely capable 
of motion. The genital organs are developed on vesicle-like swellings of 
the eight radial canals. Traehynema eiliatuni (tgbr. like pain ue met relation 
Ggbr., Messina. 

Fam. Aeginidee. The hard cartilaginous umbrella has a flat, discoid shape. 
The extended digestive cavity has pouch-like enlargements in place of the 
radial vessels. The circular vessel is usually reduced to a row of cells. 
Cunina albeseens Ggbr., Naples. Aeg iutf a jiavescens Ggbr. 

Fam. Geryonid®. Umbrella with cartilaginous mantle ridges and four or six 
hollow tube-shaped marginal tentacles. The manubrium is long, cylindrical, 
or conical, with a proboscis-like oral portion, and four or six canals which lead 
into the radial canal. The generative organs lie on the radial canals ; eight or 
twelve marginal vesicles. Liriope Less. , with four radial canals, four or eight 
tentacles and eight vesicles. L. fefrapltylla Cham., Indian Ocean. Geryonia 
Pdr. Les., with six radial canals without lingual cone. G. nmhella E. Haeck., 
Carmarina E. Haeck., with six radial canals and a lingual cone, E. Haeck. 
C, hastata , Nice. 
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Order 2. — Siphonophora.* 


Free-swimming ‘polymorphous hydroid-stocks with contractile stem , 
with polypoid 
nutritive indi- 
viduals and 
•i medusoid buds, 
usually also 
with nectocaly- 
ces , h yroph yllia 
(md dactylo - 
zooids. 

Morphologi- 
cally the Sipho- 
nophora are 
directly allied 
to the hy- 
droid -stocks ; 
but they possess 
to a much 
greater extent 
than the latter 
the characters 
of individuals, 
in consequence 
of the highly 
developed poly- 
morphism of 
their polypoid 
and medusoid 
appenda g es. 

The functions 
of the latter 
seem so inti- 
mately con- 
nected and are 
so essential for 
the preserva- 



Fig. 185. — Diagram of a colony of Physophorida. St, Stem; Ek t 
ectoderm; En , entoderm; Pn, Pneumatoplior , Sk, nectocalyx 
being budded off ; S, nectocalyx ; 2>, hydrophyllium ; G, gono- 
phore ; T, dactylozooid ; Sf, tentacle ; P, polyp ; O, mouth of the 
latter ; HHc, battery of nematocysts. 


tion of the entire colony that we may regard each colony of Sipho- 

* Besides Kolliker, C. Vogt, Huxley and others, compare C. Gcgcnbaur, 
“ Beobaohtungen iiber Siphonophorcn,” Zritnrhrift fiir wins. Zool 1853. C. 
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nophora physiologically as an organism and its appendages a? 
organs. In this connection we may mention that the sexual medu- 
soid generation is so little independent that it only exceptionally 
(Velellidm) reaches the morphological grade of the free-swimming 
Medusa. 

In place of the attached and ramified hydroid -stocks we find in 
the Siphonophora a free-swimming con- 
tractile unbranched stem (hydrosoma), 
which is larely provided with simple lateral 
branches. The upper end of the hydro- 
soma is frequently dilated to the form of 
a flask (pneumatophore), and contains an 
air chamber [pnemnatocyst] (fig. 185). 
In every case there is a central .space in 
the axis of the stem in which the nutritive 
fluids are kept in constant motion by the 
contractility of the walls and by the move- 
ments of the cilia. The air sac or pneu- 
matocyst at the apex of the hydrosoma is 
connected to the chamber which contains it 
by radial septa, and in many cases attains 
a considerable size ( Phi/salia ). It func 
tions as a hydrostatic apparatus, and in 
those forms, which have a long spiral 
hydrosoma ( Ph t/Hojdi or idee), serves to keep 
the body in an upright position. In some 
cases the gaseous contents can escape freely 
by one or more openings. 

rifc.M0.-A portion «f the stem The appendages which are attached to 

and appendages of Uah*temma the spirally twisted bilaterally symmetrical 
tergedxnum. St, Stem ; D, hy- . . . . . , . . 

drophyihum ; T, dactylozooid, stem and whose cavities communicate with 

s/, tentacle of the latter ; Wg, that of the stem are of at least two kinds 
female, Mg, male, gonophoret*. 

— (1) The polypoid nutritive animals with 
their tentacles ; (2) the medusoid sexual buds. The nutritive Polyps 
(liydranths) are simple tubes provided with a mouth, and never 

Gegenbaur, Neue Beitrage zur Kenntniss dor Siphonophoicn.” Nova Acta., 
Tom. XXVII., 1839. R. Leuckart, Zoolog ische Unteisimlningeu,” 1.. Giessen. 
1853. R. Leuckart, *• Zur naheren Kenntniss dor Siphonoplioren von Nizza.” 
Arch i\\ fur Nuturyi *ch, 1854. C. Claus, “ Leber Halistemma tergestinum 
n. s. nebst Bemerkungen ilbcr den tcineien Bau dor Physoplnmden,*’ Arhnfni 
an* Arm Zoolntfhchrn Inxtttut. fh r Untr. Wien, ttt Tom. I., 1878. E. Met- 
8chnikoff, “ Studien fiber die Entwickelung dei Medusen uud Hiphouophoren,’’ 
** -h Mr -u.s. Zool, Tom. XXIV., 1874. 
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possess a circle ol tentacleb They always, however, have a long 
tentacle arising fiom their base This tentacle can be extended to a 
considerable length, and be retrac ted 
into a spiral coil It larely has a 
simple form, but, as a rule, it beirs 
a number of unbianched literal 
twigs, which are also very conti ac 
tile These tentacles are mvai iably 
beset with a great number of nema- 
tocysts, which m many places aie 
clobely packed and have a itguhi Flo i 87 _ ar up of buds of a w 

anangement These aggregations at the bottom of the pneumatophore 

° C Central cavity 8k ncctocalyx 

Of thre id cells aie especi illy found 1 ud with the ectodermal ingrowth 

on the liteial branches of the 

tenticles, and give rise to luge, bughtly colouted swellings, the 
batteries of nematocysts The bittenes show considerable variations 



a l 



Fig 188 — Development of Ag rl j *S/tg (after Metschnik iff) a Ciliated larva b, Stage 
with developing hydrophyllmm (Z>) t Stage with cap shaped hydrophyllium (D) and 
developing pneumatophore ( Lf) l Stage with three hydro} hj Ilia (D, D , D ) polyp 
(P) and tentacle 

m form m the various species, genera, and families, and such varia- 
tions afford valuable chaiacters foi systematic classification 
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The second form of appendage, the gonophores , usually possess a 
bell-shaped mantle containing circular and radial vessels, and surround- 
ing the central stalk or clapper (manubrium), which is tilled with 
ova or spermatozoa. They usually arise in clusters at the base of the 
tentacles, more rarely from the nutritive Polyps themselves (e.g. in 
Velella ). The male and female generative products always arise 
separately in differently shaped buds, but are usually found closely 

approximated on the same 
stock (tig. 186). There are, 
however, also dioecious Sipho- 
nophora , or if the medusoid 
buds or gonophores be regarded 
as generative organs, Siphono- 
phora of distinct sexes, e.g., 
Apolemia uvaria and Diphyes 
acuminata. The upe sexual 
Medusoids frequently become 
separated fiom the stock, i.e. 
after the development of the 
geneiatrve products, and only 
raiely become libeiated as 
small Medusa ? {Ch gsomitra in 
the Velelllda ), which pioduce 
generativ e pi < >ducts dui ing 
their free life. 

Besides the constant nutn- 
tive Polyps and medusoid 
gonophores, there are incon- 
stant appendages, which are 
also modified Polypoids or 
Medusoids. These are the 
mouthless worm-like dactylo- 

Fig 189. — Small larv al stock of Agalmopn* aftei . . 

the typo of Athonfbw. Lf t Pneumatophoie , ZOid8 (tig. lob), which, like 

D, hydrophylhum , Nk, groups of nemato- the p 0 W aie prov ided with 

cysts , P, polyp J r 7 r 

a tentacle, which is, howevei, 
shorter and simpler, and has no lateral branches or aggregations 
of nematocysts ; also the leaf -shaped hard cartilaginous hydrophyllia, 
which serve to protect the polyps, dactylozoids, and gonophores ; and 
finally the appendages known as nectocalyces , which are placed beneath 
the pneumatophore. The nectocalyces have a structure similar to 
that of the Medusas, though their bilateral symmetry is apparent ; 
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they are, however, without manubrium, mouth, tentacles, and sense 


organh. 

The deeply concave sub-umbrella surface of the neetocalyx is 
largely developed and has a very powerful muscular covering in rela- 


tion to its exclusively 
locomotive function. 
All the appendages are 
developed as buds formed 
of ectoderm, entoderm, 
and containing a central 
cavity which communi- 
cates with the central 
space of the stem. In 
the nectocalyces and 
gonophores an ecto- 
dermal ingrowth gives 
rise to the covering of 
the sub-umbrella and to 
the generative product^ 
respectively (tig. 187). 

The ova, of which 
there is often only one 
in each female gono- 
phore, are large, and 
have no vitelline mem- 
brane and, after im- 
pregnation, undergo a 
complete and regular 
segmentation. 

A neetocalyx (. Diphyes ) 
is the first structure 
formed in the free-swim- 
ming larva, or the upper 
part of the body of the 
larva gives rise to a cap- 



shaped protective cover 
or hydiophyllium as 
well as a pneumato- 
phore, and the under part 


Fig 190 — Physophoru hydrontatica Pn , Pneumfttophore , 
fi, nectocnlyces ai ranged m double rows on the Hwim- 
mmg column , T, dactvlozoid , P, polyp (nutntive 
individual) with tentacles, 8f , Nk, groups of nemato- 
cysts on the latter , G, clusteis of generative buds 


becomes the primary nutritive polyp ( Agalmopsis , fig. 188). Since 


new buds give rise to leaf -shaped hydrophyllia, a small stock with 
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provisional appendages 
is formed which allows 
us to regard the develop- 
ment of the Si phono- 
jihora as a metamorphosis 
(fig. 188 and 189). 

The crown of liydro- 
phyllia, which is com- 
pleted by the addition of 
fresh liydrophyllia after 
the appearance of a 
tentacle with provisional 
groups of nematocysts, 
pel sists only in Athory- 
bio , where a swimming 
column with nectocalyces 
is never ioimed. 

In Agalmopsis and 
Pli y soph ora the primary 
liydrophyllia of the larva 
fall off as the stem be- 
comes larger, and are 
replaced by nectocal)ces. 

(1) Sub-order: Physo - 
jjhorida . Stem short, 
extended in the form 
of a sac (fig. 190), or 
elongated spirally (fig. 
191), with a pneumato- 
phore, usually nectocaly- 
ces, which are arranged 
in two or more rows on a 
swimming column below 
the pneumatophore. 
Hydrophyllia and dacty- 
lozooids are usually 
present, and alternate 
with the polyps and 
gonophores in regular 
order. The body of the 
larva usually develops 
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first a polyp with pneumatophore and tentacle beneath an apical 
hydrophyllium. The female gonophore has only one egg. 


Fain. Athorybiad®. With a Inmcli of hydrophyllia in place of the swim- 
ming column ; resembling a persistent larval stage. Athorylna rosacea Esch., 
Mediterranean. 

Fam. Phyiophoridae. s. str. Stem short and enlarged to a spiral sac 
beneath the swimming column with its double row of 


nectocalyces. No hydropliyllia but instead two outer 
bunches of dactylozooids with gonoblastidia, nutritive 
polyps and tentacles lying beneath them. Phy soph ora 
Forsk., 1 Ph. h ydrostatiea Forsk., Meditei ran can (fig. 
190). 

Fam. Agalmid®. Stem unusually elongated and 
spirally twisted. Swimming column with two or more 
rows of nectocalyces. There are both hydropliyllia and 
tentacles. Ibrsfialia contort a M. Edw., Halutnnma. 
Dactylozooids andhydrophyllia directly connected w T ith 
the stem. In the ciliated larva a pneumatophore is 
first developed at the upper pole. H. ruhnuo Vogt, 
Mediterranean. II. teryestinvm Dls. (fig. 191). Ayal- 
mopsts Sar.sit Koll., Apolcmia uvana Less., Mediter- 
lanean. Dioecious. 

(2) Sub-order : Pht/scdida *. — Stem dilated to 
form a large chamber, the pneumatophore lying 
almost horizontally, containing a very large 
pneumatocyst opening to the exterior. Necto 
calyces and hydropliyllia absent. On the ventral 
line of the sac are situated large and small 
nutritive polyps with strong and long tentacles. 
There are also clusters of gonophores attached 
to the tentacle-like polyps. The female buds 
seem to become free-swimming Medusa*. 

Fam. Physalid®. With the characteristics of the 
group Phy. sab a Lam., P. cava alia Esch. (_ 1 ret It tt.sa 
Til.'), jjflayira, utncuhix Escli., Atlantic Ocean. 



(3) Sub-order : ('alt/cojJioridfe. Stem long and 
without pneumatophore. Swimming column 
with double row of nectocalyces (Hippopodidfe) 
or with two large opposed nectocalyces, more 
rarely with only one nectocalyx. There are no 


Fig 192 — Diphyct acu- 
minata, magnified 

about 8 times. Sb, 
Fluid reservoir m the 
upper nectocalyv 

(somafcocyst). 


dactylozooids. The appendages arise in groups arranged regularly, 
and can be retracted into a cavity of the nectocalyx (fig. 192). Each 
group of individuals consists of a small nutritive polyp, a tentacle 


with naked kidney-shaped groups of nematocysts, and gonophores. 
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To these is usually added a funnel or umbrella-shaped hydrophyl- 
lium (fig. 192). These groups of individuals may in some Diphyids 
become free, and assume a separate existence as Eudoxia (fig. 193). 
The gonophores contain numerous ova in the manubrium, which 
often projects as a cone from the aperture of the bell. In the larva 
the upper nectocalyx is the first formed. 

Fam. Hippopodidee. The swimming column has two rows of nectocalyces, 
and is situate on an upper lateral branch of the stem. The male and female 
gonophores are grouped in clusters and are situate at the base of the nutritive 
polyp, (rich a llippopus Forsk., Mediterranean. 

Fam. Diphyidffi. With two very large nectocalyces at the upper end of the 
stem and opposite to each other. JJiphyex acuminata Lkt., dioecious ; with 
End aria camjunmlata. Abyla pentagon a Esch., with 
End or i a cu bo ides, Mediterranean. Spluevoneetcs 
liuxl. -= Monopfujex (is., Sp. yractltx (is. u ith Dtplo- 
phy.su i norma s. Mediterranean. 

(4) Sub-order: Discoideai. Stem compressed 
to a flat disc, with a system of canal-like spaces 
(central cavity). Above lies the pneumatocyst 
in the form of a disc-sliaped reservoir of car- 
tilaginous consistence composed of concentric 
canals opening to the exterior. The polypoid 
and medusoid appendages are situate on the 
under side of the disc. In the centre is a large 
nutritive Polyp, around which are a number of 
smaller ones. To the base of these small Polyps 
are attached the gonophores. The dactyl ozooids 
are not far from the edge of the disc. The 
gonophores are set free as small Medusa* ( Chry - 
somitra ), which do not produce the generative 
material till long after separation. 

Fam. Velellidae. VcJrUa .sptram s Esch.. Mediter- 
ranean. Pm'pitu, mediterranea Esch. 

Order 3. — Bcyphomedus^e = Acalepha/ 1 ' 

Medusw of considerable size, ivith gastric filaments. The edge of the 
umbrella lobed . The sense organs covered. The embryonic stages are 
not hy droid stocks but Scy phi stoma and St robila forms. 

The Medusce of this order are distinguished from those of the 
hydroid group by their considerable size and the great thickness of 

* Besides the works of Brandt. L. Agassiz, Huxley, Eysenhardt, compare 
v. Siebold, “ Beitrage zur Naturgeschichte tier wirbellosen Thieve,” 1839. M. 



3. — Part of a Di- 
phyul (after B. Leuck- 
art). Z>, Hydrophyl- 
hum ; GS, genital 
nectocalyx ; P, polyp 
with tentacles. The 
individual groups se- 
parate as Eudoxia. 
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their umbrella, the gelatinous connective tissue of which is richly 
developed and contains a quantity of strong fibrillie and a network 
of elastic fibres, which structures confer upon it a greater firmness 
and rigidity. v 

Another characteristic of the group is derived from the structure 
of the edge of the umbrella. This is divided by a regular number 



Fm. 194.— A mu l w a unfa, from the oral surf nee. MA, The four oral tentacles w ith the mouth 
m the centre; Gk, generative organs, GII, aperture of genital pouch, El t, sense 
organ (marginal body) , KG, radial vessel , T, tentacle at edge of the disc. 


of indentations usually into eight groups of lobes between which the 
sense organs are contained in special pits (fig. 194). 

The marginal lol>es of the Acaleplia*, like the continuous velum 
of the HydromeA t<sa j > appear to be secondary formations at the edge 
of the disc. In the young stage known as j Ephyra, which is common 
at least to all the Discophom, they are present as eight pairs of 

Bars, “Ueber $ie Entwioklung der Medusa aurita mid Oyanea cap^ata,** 
Arrhiv. fur Xatu rt/rsrh , 1811. H. J. Clark, “ Prodromus of the History, etc., of 
the Order Lueernarta” Journ. of Bost. Soe. of Not. JTist ., 18G3. C. Claus, 
“ Studien fiber Polypen und Quallcn der Adria,” Drnltseh riften der It. 
Ahadentir der Wi.ssrn.sr7i . Wien, 1877. C. Claus, £ * Untersuchungen liber 
Chaiybdea marsupialis,” Arbmten tins dent Ztwl. Inst it ut. 11 irn, 1878. Also 
E. Haeckel, 1. c. 
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relatively long tongue-like processes, and grow out from the disc-like 
segments of the Strobila as marginal cones. An undivided mar- 
ginal membrane (the vekirlum), differing from the velum of the 
Craspedota [in containing prolongations of the canals of the gastro- 
vascular system], is present in the C/iarybdeidce alone. 

The Acvdepha differ from the Hydro medusa* in possessing, as a rule, 
large oral tentacles at the free end of the wide manubrium. These 
may be regarded as being derived from an unequal growth of the 
edges of the mouth. They grow as four arm-like processes of the 
manubrium from the angles of the mouth, and are placed radially, 



Fig. 195 -Diagrammatic longitudinal section through a R hizotiomt. Z7, Umbrella; M, 
gastric cavity ; S, sub-umbrella ; genital band ; Sh, sub-genital pit ; F, filament ; 
SM, muscle system of the sub-umbrella; Rgf, radial vessels; Itk, sense organs; 
Rg t olfactory pits; Al, ocular lobe; SL, shoulder tufts; Dk, dorsal tufts; Vk t ventrai 
tufts of the eight arms ; Z t terminal parts of the arms. 


i,e. they alternate with the genital organs and gastric filaments. 
In some cases the arms become forked at an early period, and four 
pairs of arms are formed, the lobed tufted edges of which may again 
divide and sub-divide into many branches. In this case, the margins 
of the mouth and the opposed surfaces of each pair of arms fuse in 
early life in such a way that the original central mouth becomes 
obliterated, and in its place there are developed a number of small 
tufted orifices on the peripheral parts of the arms, through which 
nutriment is taken in (Rhizostomida 1 , fig. 1 95). 
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The form of the gastrovascular apparatus exhibits considerable 
differences, which in the Discophora may be considered as modifica- 
tions of the Ephyra type. The flat disc of the Ephyra , which 
is split into eight pairs of lobes, contains a central gastric cavity 
into which the canal of the shoi t, wide, four-cornered manu 
orium leads. From this central cavity there diverge eight canal- 
like peripheral diverticula (radial pouches), between which theie aie 
formed sooner or later in the vascular lamella the same number of 
short intermediate canals (intermediate pouches). The radial and 
intermediate canals sometimes become enlarged, as in Pelayia and 



Fig 1<>6 Section through the oliactoiy pit, the sense-organ (maigma.1 body) and its mrve 
ccntie, oi Atm ha auttfu R, Olfactoiy pit, L , lobe of the umbrella coveimg the 
Muse organ, 1\ eye spot , OI, otolith ot the auditory sac, Z , cells aftoi solution ot the 
otoliths , Bn, cntodeim. Be, ectodcim with the undei lying layer of nerve fibnlla , F 

Chrysaora , so as to form unusually broad gastric pouches separated 
by thin septa and without any communication with each other at 
the periphery. Sometimes, however, they become transformed into 
narrow vessels, between which, in the bioad inteivening septa, there 
is secondarily developed during the subsequent growth by a sepaia- 
tion of the two layers of the a ascular-1 amelia, a rich network of 
anastomosing canals, and near the edge of the disc a circular canal 
( Aurelia , Rhi~ostoma). 
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The gastrovascular apparatus of the cup- or bell-chaped (Jcdycozoa 
an d Gharybdeidm differs from the types above described, and re- 
sembles that of the more primitive Scyphistamn stage, in that the 
gastric cavity presents only four peripheral vascular pouches, which 
are very wide, and separated by extremely thin septa. 

The worm -like movable tentacles of the gastric cavity, the gastric 
filaments, which are not found in any II yd remedies ft' afford an im- 
portant distinctive mark. They correspond to the so-called mesenteric 
filaments of the Anthozoa y and afford the same aid to digestion 
through the secretion of their glandular entodermal covering. In 
every case they are attached to the sub-umbrella wall of the 
stomach, and fall in the four radii of the generative organs (radii of 
the second order), which alternate with the radii of the angles of the 
mouth, or radii of the first order. They usually follow the inner 
edge of the generative organs in a simple or convoluted curved line. 

The existence of the nervous system of the A cab pha has only 
recently been demonstrated with certainty. It has been proved that 
the centres of the nervous system are contained in the ectoderm of 
the stalk and base of the marginal bodies, and consist of a considerable 
layer of nerve fibrillfe deep in the ciliated ectodermal epithelium, 
the nerve cells of which are elongated in the form of a rod, and bend 
round at their basal extremities to be continued directly into the 
nerve fibrillfe (fig. 196). There is in addition a widely distributed and 
important peripheral nerve plexus in the muscles of the sub-umbrella. 

Up to the present time no investigations have completely elucidated 
the manner in which this nerve plexus is related to the nerve centres 
of the marginal bodies, and how the latter are connected with one 
another. The existence of a nerve ring on the sub-umbrella surface 
has been proved only for the ( Jharybdeidte , in which the edge of the 
disc is not notched (fig. 169). The antimeres of the AcalepUa show 
in all cases a great degree of individuality, and, when cut off, are able 
to live for a considerable time. 

The marginal bodies, as well as the pit-like depressions on the 
dorsal side of the excavations in which the marginal bodies are 
placed (olfactory pits), must be considered as sense-organs. 

The marginal bodies are morphologically the remnants of reduced 
tentacles. They may be seen on the under side of the umbrella in 
the stage of the Ephyra, and are overgrown by portions of the edge 
of the umbrella (Stegcmoph thalmata) . [They contain a central canal 
lined by endoderm and continuous with the gastro-vascular system 
of the disc, fig. 196]. They appear in all cases to unite the functions 
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of ocular and auditory apparatus. The auditory function is provided 
for by a large sac containing crystals, which originates from the cells 
of the entoderm ; while the eye consists of a mass of pigment lying on 
the dorsal or ventral face, and nearer the end of the stalk. In some 
exceptional cases (Nausithoe) it is provided with a retractile cuticular 
lens. But it is in the Chary bdeida? that the sense body reaches the 
highest development ; for in them, in addition to the terminal ^ac 
of otoliths, there is also present, in the wall of the dilated vascular 
space of the papilla, an extremely complicated visual organ, formed 
of four small paired and two large unpaired eyes, in which lens, 
vitreous body, and retina can be distinguished. 

The four generative organs of the Acalepha win be easily dis- 
tinguished in consequence of their size and their bright colouring. 
In some cases, at any rate in the J)iscophora , they protrude as folded 
bands into special cavities in the umbrella, the so-called sub-genital 
pits (hence the term Plainer ocarpw Esch.) In all cases these bands 
lie on the lower (sub-umbrella) wall of the digestive cavity (figs. 194, 
195), from which they originate as leaf -like prominences. The 
upper surface is covered with gastric epithelium ; the under, which 
is turned towards the sub-umbrella, with germinal epithelium, the 
elements of which, in the process of development, pass into the 
gelatinous substance of the band. 

The formation of the cavities in the sub-umbrella of the Diseophora 
is due to a local growth of the gelatinous substance of the sub -umbrella ; 
in some cases, however, they may be completely absent ( Diseomedusa , 
Nausithoe). The mature generative products are dehisced into the 
gastric cavity, and pass out through the mouth ; but in many cases 
the ova undergo their embryonic development either in the ovary 
( Chrysaora ) or in the oral tentacles (Aurelia). Separate sexes are 
the rule. Male and female individuals, however, apart from the 
colour of their generative organs, have only slight sexual differences, 
as, for instance, the form and length of the tentacles (Aurelia). 
Chrysaora is hermaphrodite. 

In the Discophora the development is generally accompanied by 
an alternation of generations ; the asexual generations being repre- 
sented by the Scyphistoma and Strobila ; but in exceptional cases 
it is direct (Pelagia). In all cases a complete segmentation leads 
to the formation of a ciliated larva, the so-called planula y which 
attaches itself by the pole which is directed forwards in swimming. 
This pole is, however, opposite to the gastrula mouth, which in 
the meantime becomes closed, while round the mouth, which is 
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formed as a perforation at the free end, the tentacles appear. As 
in the embryo Actinia, two opposite tentacles first make their 
appearance : not, however, simultaneously, the one appearing after 
the other, so that the young larva about to develop into the Scyphis- 
toma presents a bilaterally symmtrical structure. Subsequently 
the second pair appear in a plane at right angles to the plane of 
the first tentacles. These four tentacles mark the radii of the first 
order. Then alternating with these, but in a less regular suc- 
cession, the third and fourth pairs appear ; and soon after in the 
plane of these latter four longitudinal folds of the gastric cavity 
are developed (radii of the second order or of the gastric filaments 
and genital organs). 

The eight-armed Scyphistoma soon produces eight fresh tentacles, 
which succeed one another in irregular succession, and alternate with 
the tentacles already present. Their position determines the inter- 
mediate radii of the future young JHscophor or Kphyra. After the 
formation of the circle of tentacles and the secretion of a clear basal 
periderm ( Chrysaora ), the Scyphistoma is capable of reproduction 
by fission and gemmation. At first the Scyphistoma appears to 
multiply only by budding ; the second mode of reproduction, the 
pi*ocess of strobilization, begins later. This consists essentially in the 
fission and division of the anterior half of the body into a number 
of segments, thus changing the Scyphistoma to a Strohila. The 
separation of the segments progresses continuously from the anterior 
end to the base of the Strobila, so that after the disappearance of the 
tentacles, first the terminal segment, then the second, and so forth, 
attain independent existence. Each segment becomes an Ephyra, 
developing eight pairs of elongated marginal lobes, with a marginal 
body in the notch which separates the two lobes of the same 
pair. Tt is these marginal lobes which give to the edge of the 
umbrella of the Ephyra its characteristic appearance.' The young 
Ephyra gradually acquires the special peculiarities of form and 
organization of the sexually mature animal {vide figs. 113 a — h). 

The number of nematocysts accumulated on the upper surface of 
the disc and on the tentacles of many Medusa* enable them to cause 
a perceptible stinging sensation on contact. Many, e.y. Pelagia, are 
phosphorescent. According to Paneeri, this phenomena originates in 
the fat-like contents of certain epithelial cells on the surface. 

In spite of the delicacy of their tissues, certain large Medusce 
have left impressions in the lithographic slate of Sohlenhofen 
{Med mites circularis, etc.) 



SCIPHOMEDUSiE — CALYCOZOA. 


257 


(1) Sub-oi der: Calycozoa (Cylicozoa). 

V up-shaped Acalepha attached by their ahoral pole. They have 
four wide vascular poaches separated by narrow walls , and eight arm- 
like processes beset with tentacles on the edge of the umbrella . 

The Calycozoa aie best considered in their relation to the Scyhis- 
toma . They may be looked upon as Scyphistoma deprived of 
their tentacles, which indeed are only transitory structures, and 
elongated so as to assume the form of a cup, and changed in 
sevei al particulars which are cliaracteiistic of the medusa stage, 
^he four septa arise by the fusion of the four* ga stiic folds with 
ftlie wide oral disc, which becomes diawn in and concave like a sub- 
j umbrella. These four septa sepaiate the same number of gas- 
a b 



Fi( T 1<)7— a, A Cnlymoon (Lm nun a) fiom tlic oral sui face magnified about H diameteiK 
8, Septa of the fom g.istnc pouches L , longitudinal muscle flint's with tlio genital hand, 
Ilf, maiginal teutHClcs b. The Culytmomi sceu fiom the side, a, (rcmtHl oigans, Gu, 
gastric fold m the stalk , at the base is the toot gland 


trovascular pouches ; while the margin of the cup is di awn out into 
eight aim-like processes, fiom which groups of short, knoblied 
tentacles arise (tig. 197). 

The genital organs extend on the oial wall of the umbrella into 
the arms as eight band-shaped, plicated ridges. They run along in ^ 
pairs at the lower part of each septum in the gastric cavity. T1 n t d ( e 
ovum, according to Fol, undergoes a complete segmentation, wh,i/e of 
results in a single-layered blastosphere. This becomes an oval iC h they 
layered larva, which becomes ciliated, swims freely about, an^ paiis of 
attaches itself. The further development piobably 4f-point of the 
directly without alternation of generations. symmetry char- 
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Fam. Ludernaridae. Lueernarhi 0. Fr. Muller, Talyeozoa withj ■ -four radial 
chambers ; without genital pouches, and without the accessory r 5 h ambers o 


the digestive cavity alternating with these. 


campamdata, Lmx. 


L. fjvadricornis (£])• Miillei, 


Cratcroloplnix Clark, with genital pouchy -jes and our 
chambers of the gastric oavjity alterna 
^ ting with them. Cr. Leucha ^ sc 

*>3^. = Iwhjola ndtcti Lkt., Heligoland fh . 

The Lurernaria are without except 
S*I\ marine animals, and are remarkable foruc* 

their great reproductive powder. Accord- .^ e 
I ill! hig h> A. Meyer, if the stalk be cut off. . ’ 

I IfKll the cup reproduces a new one. and 1 * 

||f «ll injured individuals, and even exoisedots 

] pieces, can become pcriect animals. 




S (2) Sub-order: Marsupialida 

( Lobophora ). 

Tetra-radiate Acalepha having a 
four-sided pouch-like form . The 
velum has a smooth margin , and 
contains vessels prolongations of 
the gastro-vascalar system\ On the 
margin of the disc there are four 
vertically placed, lobe-like appen- 
dages . There are four corered sense 
organs , and the same number of 
vascular poaches separated by nar- 
row partition walls. 

The Char yhdew are distinguished 
by the deep bell shape of their body, 
and were formerly reckoned as 
“ (Jraspedota ” among the llydro- 
mednsce, with which they certainly 
have some characteristics in com- 
mon. Amongst these character- 
istics the most striking is the 
possession of a smooth -edged velum, 
which, however, contains vessels. 

IG. 198.— Charybdf,' martujnah*, natural Q n the other hand, the presence of 
izc. T, Tentacles, Rk, marginal bodies . 

mse organs) ; Ov, ovaries. the gastric filaments and of the 

large sense organs enclosed in 

* noints to a relationship with the Acalepha ; and this view is 

have 7 ^e c ^ aracter their whole structure, in which the 

(Medusu ^ ie Lvcemaridce are perceptible, though greatly 
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modified. As in Lucerneu idee, the vascular spaces are wide pouches 
divided from each other by four narrow septa (figs. 198, 199). 

The nervous system is allied to that of the Hydromedusee by the 
presence of a sharply defined nerve-ring. This neive-ring is placed 
on the sub-umbrella side of the bell, and, since at the bases of the 
four sense organs it lies further from the margin than it does at the 
corners of the bell, it has a sharply maiked, zig-zag course. The 
nerve fibrilhe given off from it mostly supply the muscular system of 
the sub-umbrella, and there give rise to numerous reticula of fibiilla* 
connected with large ganglion cells. Large bundles of fibrillar com- 
paiable to nerves have only been found in the four radii of the mar- 
ginal bodies. The latter attain a high degree of development, since 
the knob-like swelling in which they terminate possesses, in addition 
to the lithocyst, a complicated visual apparatus consisting of two 
Luge unpaired median eyes and four 
small paired Literal eyes. 

The generative oigans have a veiy 
peculiar form. They are separated 
from the gastric filaments and as 
thin, ratliei bioad plates attached in 
pails to the four partition walls, 
leach the whole length of the 
vascular pouches. Unfortunately 
nothing is as yet known of the 
development. 



Fam Charybdeidee. Chai t/beha mar- 
sttjnahs P6] Les (Mars apt alts Planet 
Lcs) Mediterranean 


Pig 190 — The apical half of a Cha t ybdea 
divided transversely, seen from the 
sub umbi olla side The torn oial 
arms aio visible Ot, O\anos on the 
four septa , S , Out , osti i of the gas- 
ti ic pouches , OJ, a stnc filaments 


(3) Sub-order : Discophora (Acra- 
speda), Ej)h yra-medusee. 

Discs /taped Acalepha , the margin of whose disc is divieled into eight 
lobes. They have at least eight sub-marginal sense organs contained in 
niches , and with the same number of ocular lobes. As a rule there are 
four great cavities in the umbrella for the generative organs. 


The Discophora , which are generally known simply as Acalepha , 
can at once be distinguished from the ( ddycozoa and the Charybdeidee 
by the disc-shaped lobed umbrella and usually by the large size of 
the oral tentacles. The lobes of the umbrella, however much they 
may differ in detail, can always l>e reduced to the eight paiis of 
lobes of the Ephyra , which, as the common starting-point of the 
Discophora, presents most clearly the eight-rayed symmetry char- 
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acteristic of the group. The striped muscle- of the sub-umbrella 
are strongly developed to conespond with the great size of the body ; 
and beneath them the supporting lamella is usually thrown into a 
number of closely aggiegated ciieular folds, thus causing a consider- 
able increase in the surface on which the musculai epithelium with 
its circulaily ananged tibies are placed. 

The generative organs have the form of hoi-se-shoe shaped f i ills 
which pioject into four widely open cavities m the sub-umbi ella, 
the sub-genital pits. These cavities are not develojied in some ex- 
ceptional cases ( Kausithoe , Discomedum). The geimmal epithelium, 


RG 


Fir. 200— Attaint ainitu, seen tiom the oial smfact Mi, The fom onl aims with the 
mouth m the cen tie , Gk, The genital frills, GH, Openings ot the sub-genital cmities , 
Me, Marginal bodies , HG, Radial ves&els , T, Tentacles on the maigm of the diHC 

wliicli is always embedded in the gelatinous substance, is coveied 
with an entodermal layer, and is probably itself an entodermal 
product (tig. 200). Development takes place by alternation of gene- 
rations. In rare cases ( Pelagia ) the development is simplified, and 
the lan a passes diiectly into the Ephyra, missing out the attached 
Scyphistoma and the Stiobila stage (Krohv). 

1. Eemcrostomew. Discopliom with large central mouth sui- 
rounded by four large often multi-lobed oral aims. The form of the 
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umbrella edge, the number of lobes and marginal tentacles present 
great variations. 

Fain. Ephyropsidee, Ephryopxb, Ggbr. (Xatuithoe Kfill). Disc small and 
like that of Eplnjrti , with simple gastric sacs, without oral arms, but with eight 
marginal tentacles. The genital organs (in four pairs) do not lie in umbrella 
cavities. E. peluytra Kbll., Mediterranean and Adriatic. 

Fam. Pelagidse. PehujUi Per. Les. With wide gastric jiouelies and eight 
long marginal tentacles in the interradii. No alternation of generations. P. 
iwctilucu Per. Les., Mediterranean. Chrysaora Per. Les., with twenty-four 
long marginal tentacles. The radial and intermediate gastric pouches are per- 
ceptibly different. 67/ r. h t/xoxcclla Escli. Hermaphrodite, North Sea and 
Adriatic. 

Fam. Cyaneid®. Cyanca Per. Les. The tentacles are united in bundles on 
the under surface of the deeply lobed thick disc. There are sixteen (eight 
in dial and eight intermediate) more or less wide gastric pouches, which break 
up near the end of the marginal lobes into small ramified vessels. C. nipillata 
Eseh. 

Fain. Aurelid®. Pl.sroinedu.so (Ms. With large oral arms, with branched 
vessels mid two marginal tentacles. Subgcnital pits present. 7J. Udmtu Cls., 
Adriatic. inn lift Per. Les.. with branched radial vessels and edge of disc 
fringed with small tentacles. A. uurltu L. (J hdusa aunt a L.), Baltic, North 
Sea, Adriatic, etc. A. funduln Ag., coast of North America. 

2. Ehbuslomeai. ISTo central mouth, funnel-shaped slits in the 
eight oral arms and eight, rarely twelve, marginal bodies on the lobed 
margin of the disc. There are no marginal tentacles. The central 
mouth, which is at first present, becomes closed during the larval 
development by the fusion of the edges of the lips. Fiumel-like splits 
are formed on the folded edges of the four pairs of arms, the so- 
called suctorial mouths, by means of which microscopic bodies are 
received into the canal system of the oral arms (fig. 195). 

Phtzosfnmn Cuv. The anus end in simple tubular prolongations, and hear 
accessory tufts at their base's. Eh. Curled Per. Les., O j phea lV*r. Les. The 
branched oral arms have groups of nematocysts and lung filaments between 
the terminal tufts. Ccjthca Pdr. Les. {('axxiopea') borbontca Delle Cli., Medi- 
terranean and Adriatic. 

(‘LASS III. — (TENOPHOKA.* 

Medns<e of s])herical or cylindrical , rarely band-shaped form ; with 
eiyht meridional rows of vihratile plates formed of fased cilia . They 

* V- Hegenbaur, Studien fiber Organisation und Systcmatik der Cteno- 
phoren,” Arrhir. file JVaturqexrh., 1850. L. Agassiz, “Contributions to the 
Natural History of the United States of America, 1 * vol. iii., Boston, 1860. 
A. Kowalevski, “Entwiekelungsgeschichie der IUppenquallcn.*’ Petersburg, 18(10. 
H. Fol, “ Ein Beitrag zur Anatoinie und Entwicklungsgesoliichte einiger Itip- 
penquallen,” Inaugural dissertation, Jena, 1869. A. Agassiz, -Embryology 
of the Ctenopliorae,” Cambridge, U.S., 1874. <\ Chun, “ Die Ctenophoren des 

Golfes von Neapel,” Leipzig, 1880. 
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Fig. 201 — Cyth/>p/, seen from the 
apical pole. S, Sagittal plane, T , 
transvemc plane , It, H-wimmmg 
plates , Of, j?nHtro-va scalar system 


possess an oesophageal tnbe and a gastro-vascidar canal system. Two 
lateral tentacles , which can be retracted into pouches, are often present. 

The Ctenojdiora possess a shape which can in all cases be 
reduced to a sphere. They are radially symmetrical free-swim- 
ming Calen ter at a of gelatinous 

consistence. The body is often 
bilaterally compressed, so that it is 
possible to 
distinguish 
two planes 
passing 
through the 
long axis at 
right angles 
to one an- 
other : these 
arethe/»rr<yj7- 
tal planeand 

the transverse plane, and are analogous 
to the median (longitudinal vertical), and 
lateral (longitudinal horizontal) planes of 
bilaterally symmetrical animals (tig. 201). 

The arrangement of the internal organs 
bears a relation to these two planes. All 
parts of the body which occur in pairs, as 
the two tentacles, the gastric canals, the 
hepatic bands of the stomach, and the 
vessels which give origin to the eight lateral 
canals, all lie in the transverse plane, while 
the sagittal plane coincides with the longei 
axis of the (esophageal (gastric) tube (whence 
also called the gastric plane), the two so- 
called pol ir-fields, and the terminal vessels 
of the intundibulum. 

The infundibulum is so compressed that Fig 2 02 

its longest diameter falls in the lateral pi «»*(>*« 

° . . Mouth, 

plane, which on this account is sometimes 

called the infundibular plane. Since these two planes divide the body 
into halves, which correspond with one another, and since there is no 
division into dorsal and ventral surfaces, the arrangement of the 
body may be said to be bi-radially symmetrical, but cannot be called 



Ctfdtppt (Ho run i hoi a) 

(affcei Chun) O, 
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bilaterally symmetrical, although each half possesses this property. 
The body is divided by these two perpendicular planes into four 
similar quadrants. 

Locomotion is principally effected by the regular vibration of the 
hyaline swimming plates, which are disposed over the surface of the 
body in eight meridional rows, in such a way that each quadrant 
possesses two rows of plates, a transverse and a sa git till (tig. 202). 
Locomotion is also jissisted by the contractility of the muscle fibres 
of the gelatinous tissue; this contractility in the band-shaped 
CestidcR causes an undulating motion of the whole body. 

The mouth, which is sometimes surrounded by umbrella-shaped 
lobed processes of the gelatinous tissue, leads into a wide ( Beroe ) or 
narrow oesophageal tube, which in the latter case soon becomes 
flattened and broad. The oesophageal tube is furnished with two 
hepatic bands, and com- 
municates posteriorly, 
by an opening capa- 
ble of being closed by 
muscles, w ith the gastric 
cavity, or, as it is com- 
monly called, the in- 
fundibulum. The long 
oesophageal tube projects 
and opens freely into 
the infundibulum, and 
is completely surrounded 
by the gelatinous sub- 
stance, as far as the level 
of the two longitudinal vessels which accompany the two lateral 
surface > in the transverse plane. 

The infundibulum, which is in all cases compressed in a direction 
at right angles to the (esophageal tube, gives oft' eight vessels to 
the swimming-plates. These vessels have a bi-radial symmetry. It 
also gives off two vessels, which are dilated into two terminal sacs ; 
the latter surround the sense-organ at the aboral pole, which is 
known as the otolith vesicle, and each of them opens to the exterior 
by an orifice which is placed in a diagonal plane and is capable of 
being closed. Two tentacular vessels may arise from the bottom of 
the infundibulum. The internal surface l>oth of the (esophageal tube 
and of the infundibulum and its vessels seem to be completely clothed 
with cilia. 



FjCt. 203.— Aboral end of CaUmntra bialata (alter K. 
Hcrtwiy) a-, Tlie two polar spaces ; tr, the beginning 
of the eight row s of swimmim* plates, between which 
the otolith vesicle and the nerve plate are seen. 



COBLES TEE ATA. 


264 

Up to the present time , the nervous system of the Ctenophora 
(fig. 20:}) is but imperfectly known. There is no doubt that the 
large vesicle found at the aboral pole, with its clear fluid and 
vibratile otoliths, is a sense-organ ; it is also exceedingly probable, 
taking into consideration the organi/ ition of the Acalepha, that 
the central nervous system of the ('tenophom is contained in the 
thickened base of the vesicle, the Otolith pint* , especially as the latter 
is also closely united with a second sense-oi ga n, the sagittal polwr 
areas, which have aheady been described bv Kol as olfactory organs, 
and is also directly connected with the swimming plates by eight 
ciliated grooves. 

True nematocysts are but seldom found in the edodeim of the 
('tenophora, but the) aie lepresented by 
peculiar fixing or prehensile cells, the base 
of which is piolonged into a spiially coiled 
tlnead, wdiile the pi ejecting and convex free 
end (tig. 204) is of a glutinous consistence, 
and becomes readily attached to any object 
which touches it. 

The Vtenopliora are hermaphrodite. Both 
kinds of genei alive pioducts aiise on the wall 
of the vessels of the swimming plates or of 
blind sac-like diverticula of the same. Some- 
times their production is localised (Cestum) ; 
sometimes they originate along the whole 
length of the canals, one side of the latter 
being beset with egg-follicles, the other with 
sperm-^acs (Beroe). The geim layers, which 
arise from the ectoderm, aie covered by 
entodermal epithelium, and aie separated 
from one another by a projecting fold. 
Ova and spermatozoa pass into the gastro- 
vascular cavity, and are ejected through the apertures of the 
same. 

The fertilized ovum, which is enclosed by a loosely fitting 
membrane, consists, as in the case of many Meclusce, of a thin outer 
layer of finely granular protoplasm (exoplasm) and a central food 
yolk (endopl ism), containing vacuoles. The segmentation, which is 
complete, leads to the formation of two, four, eight segmentation 
spheres, each of which, like the original ovum, consists of a central 
mass surrounded by a thin layer of finely granular protoplasm. In 



Fig 204 — Smooth muscle 
fibrea, pichenbile cellb 
(Jcf), and tactile cells (b), 
from the lateral filaments 
of the tentacle ot Enpfo 
carta* xfatiomu (after H 
Hcitwig) kf\ Pi obliga- 
tion of the contractile 
thread of a prehensile c ell 
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the stage with four segments, the segments are so disposed that two 
perpendicular planes placed between them would correspond to the 
two principal planes of the fully developed animal. Each of the four 
spheres give** rise to one of the four quadrants of the adult animal 
(Fol.) The whole mass of the finely granular exoplasm now becomes 
collected at the upper end of the segmentation spheres, where it is 
separated off and gives rise to eight new small sphere-*. These, by 
continued division, break up into a great number of small nucleated 
cells, which increase rapidly and grow round the eight large seg- 
mentation spheres or the cells produced from them. 

The young* ('tenophora sooner or later leave the egg membranes, 


and at this period differ more or less from 
the sexually mature animal in the simpler 
and usually more spherical form of the 
body, in the small size of the tentacles 
and swimming plates, and in the differ- 
ence in the relati\ e size of the oesophageal 
tube, infundibulum, and vascular canals. 
The differences are most striking in the 
lobed ( 1 tenophora (with the exception of 
Cestntn), the embryos of which have a 
great similarity to the young of (J//dtp/>e, 
and have no traces of bi-radial structure. 
It is only after a longer period of larval 
life that the completely mature form is 
attained by the unequal giowtli of the 
swimming plates and their canals, the out- 
growth of the tentacle-like processes, and 
the formation of two lobe-like projections 
round the mouth from those halves of the 



Fig. 205 — Be roe ova tun. Ot 

Lithocj st, nt its s des are the 


body which correspond to the longer rows 
of swimming plates. The phenomenon 


small tentacles of the polar 
areas , Tr, infundibulum. 


remarked by Chun is worthy of notice, that the young of Eucluiria , 


while still in the larval stage, become sexually mature during the 


hot period of the year. 


The C tenophora live in the warmer seas, and, under favourable 
conditions, often appear in great quantities at the surface. They 
feed on marine animals of various size, which they capture with 
their tentacles. Many, ’as the Beroida j , which do not possess tenta- 
cles, are compensated for this deficiency by the possession of an 
unusually large mouth (fig. 205), by means of which they are able 
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to receive relatively large bodies, even fishes, into the wide oesophageal 
tube, and to digest them. Although the average size is small, some 
of them, as Cestum , Eucliaris, reach the length of a foot. 

Fam. Cydippidse. Body slightly compressed, spherical or cylindrical, with 
extremely regular development of the swimming plates. Their structure is 
therefore apparently oetoradial . They possess two tentacles ; the vessels of the 
stomach and swimming plates end blindly. (Ujdippe hormiphora Ggbr. ** 
Hormiphora plnmoxa Ag., Mediterranean. Exrhxeholtzia cord at a Koll., 
Mediterranean. 

Fam. Cestidae. Body elongated to the form of a band in the direction of the 
sagittal plane. Two tentacles. Ye x ilium parallel urn Fob, Canary Isles. 
Cost urn I 'mens Less., Venus’ Girdle, Mediterranean. 

Fam. Lobatae. 'flic laterally com pressed body assesses two umbrella-like 
lobes near the mouth, and has relatively small tentacles. Furhamphaea rc.nl - 
1 Itf era Ggbr., Mediterranean and Atlantic Ocean. (Inapt papillom , M. Edw. 
(Alci/toe papilloxa Delle Ch. = Aeapolitana Less.), Mediterranean. 

Fam. Beroidee. Characterised by the laterally compressed body with fringe- 
like appendages on the periphery of the polar spaces : without tentacles. 
Beebe ForxhaUt M. Edw. ( alhexeenx and rttfexcen s Forsk.), Idyiopxi. s ('larlti 
Ag.. Pandora Firm mingtt, Esch. 


CHAPTElt VIII. 

Eoiiinodermata.* 

Animals with a radial, usually pentamerous arrangement. They 
possess a shin bearing spicules and indurated by calcareous deposits, a 
digestive canal , a water-vascular apparatus, and a true vascular system . 

The radial arrangement of the Echinoderms was for a long time 
held to be a character of typical value, and was tlie principal reason 
why, since the time of Cuvier, the Echinoderms were included in 
one group, the Radiata, with the Medusa? and Polyps. It is only 
in recent times that It. Leuckart has effected the separation of the 
Echinoderms from the CceJenterates. 

The organization of the Echinoderms does in fact appear so different 
from that of the Cuelenterates, and seems to belong to a so much 
higher grade of development, that the combination of the two groups 

* Fr. Tiedcimuin, *• Anatomic der Ilbhrenholotlnirie, des pomcranzfarbeneu 
Seesternes und des Stcin-Seeigels,*’ Heidelberg, 1820. Joh. M.iiller, “Uberdeu 
Bau del* Kchinodermeu,” Abh. der Berb Akad, 1853. .lob. Muller. “ Sieben 
Abhandlungen iiber die Larven und die Entwiekelung der Eehinodermen.” Abh. 
der Berl. Akad, 1840, 1848, 18*9, 1850. 1851, 1862, 1854. A. Agassiz. ‘‘Embryo- 
logy of the Starfish.** Contributions, etc., Vob, V. 1804. E. Metschnikoff, 
“ Studicn uber die Entwickelungsgescbiclite der Ecliinodennen und Nemer- 
iinen,” St. Petersburg, 1869. H. Ludwig, “ Morphologische Studicn an 
Eehinodermen, '* Leipzig 1877 and 1878. 
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as Radiata is inadmissible, and so much the more so since the radial 
arrangement of the structure exhibits some transitions towards a 
bilateral symmetry. The Ecliinodermatn are separated from the 
Ccelenterata by the possession of a separate alimentary canal and 
vascular system, and also by a number of peculiar features both of 
organization and of development. 

The arrangement of the parts round the axis of the body is usually 
pentamerous. Nevertheless when the rays are more numerous, irre- 
gularities in the repetition of the similar organs are met with. If 
we take as the fundamental form of the Echinoderm type a spheroid 
with the principal axis somewhat shoKened and the poles flatten ed 
and dissimilar, the long axis of the radial body will be this chief 
axis, and the mouth and arms the two poles (oral and anal poles). 
We can imagine five planes pass- 
ing through the long axis of this 
spheriod, each of which will divide 
the body into two symmetrical 
halves. The perfect correspondence 
of these halves is, in the body of 
Echinoderms, disturbed by the dif- 
ferent forms and significance of the 
two poles, so that our representation 
is not an exact one. The ten meri- 
dians, which are separated from one 
another by equal intervals .and fall 
in these five planes, are differently 
related to one another, inasmuch as 
five alternate ones, which are called 
the chief rays, or radii, contain the 
most important organs, the nerves, 
the vascular trunks, the ambu- 
lacral feet, etc., while the other five meridians constitute the 
intermediate rays or inter-radii, and also contain certain organs 
(fig. 206). It is only in cases of complete equivalence of the radii 
and inter-radii that the echinoderm body presents a pentamerous 
radial arrangement (regular Echinoderms ). It is, however, easy to 
show that this regular radial symmetry never occurs in its peifect 
form. Since one organ or another, e,y., the madreporic plate, the 
stone canal, heart, etc., always remains single, and does not fall in 
the axis of the body, it will be only those planes, in the radius or 
inter-radius of which the unpaired organs fall, which can fulfil the 
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Fig 200 The shell of a io^ulai Sea 
arclnn Been from above K, Radius 
with double low of jpeif orated plates , 
J, mtei -radius with the genital oigans 
awl then pores lu the light autc- 
nor mtci laclius is tho madiepcne 
plate 
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conditions which admit of the body being divided into two exactly 

symmetrical halves. 

from the dorsal snic. Th, The pentamerous body 
mailreporic plate is situate m the centre and is sur- of tile Echinodei'IIl may 

rounded by five genital pores and by the five-leaved , i fi , 0 

rosette The unpaged radm* ,» d.rectcd forward*. Wnie bilateral, the 

At the side is the median portion of the ventral sur- plane of tile unpaired 

face. O, mouth, A, aim 1 ' r . „ „ 

ray forming a median 
plane, on each side of which two pairs of equal rays are repeated. 
We can distinguish an upper sur- 
face (apical pole) and ail under 
(oral pole), a right and left side 
(the two paired rays and their 
inter-radii), an anterior end (un- 
paired radius) and a posterior jfcggg&i 
(unpaired inter-radius). In the SgfejSa# 

irretjiUftr Sea-urchins, the bilate- ‘ « l 

rally symmetrical form is still 

more strongly marked. Not only 

is the impaired radius of abnormal 

size and form, and not only are 

the angles at which the principal 

ray and the accessory rays cut ^ 

each other equal only in pairs, but Fig aos.— (s f Mtanqida), from the 

. w/i* oat\ ventral side. O, mouth; A , anus; P, 

also in the C lypeastruLed (lig. )> pores of the ambulacral feet. 

the anus is removed from the dorsal 

pole to the ventral half of the body in the unpaired inter-radiu«, 
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while, in fipatanyidce, both jioles, or only the oi*al pole, are shifted 
in the direction of the unpaired radius, and become eccentric* 

(fig. 208). 

Only a few of the regular Echinodermata have the means of loco- 
motion on all the live rays, and seldom then along the whole length 
of their meridians; far more frequently the area surrounding the 
oral pole becomes with regard to the position duiing movement the 
ventral surface; it is flattened and mainly or entirely possesses the 


organs of locomotion ( am - 
bnlacral surface). These re- 
lations always obtain among 
the irregular Echinoder- 
mata which do not move 
indifferently in the dii ection 
of all five rays, hut princi- 
pally in that of the unpaired 
one. In these animals the 
mouth, and therewith the 
oral pole, being pushed to 
wards the antoiior edge, 
the tw T o posteiior radii 
(bid inn) seem principally 
concerned in the formation 
of the ventral surf. ice (fpa- 
tav(fida). It is otherwise 
in the case of the cylindric.il 
llol ot h a ria us. Their mouth 
and anus preserve the nor- 
mal position at the poles 
of the elongated axis, and 
the body is not unfrequentiy 
compressed in the direction 
of the axis in such a 



Fig 209. — Cuamurut with extended dendritunlh 
launched teutonics (TV Af t Hinbulaci.il tect 


manner that three radii (frivium) with their organs of locomotion 
aie pi iced on the foot-like ventral surface. On the body ot these 
11 of of h avian ? one unpaired and twopaiied x*adii can be distinguished, 
only in this case the unpaiie l radius with its inter-radius maiks, not 
the anterior and posterior, but the dorsal and ventral surfaces. 

In many Echinoderms (Echinoidea) the oblate splieioidal form is 
the prevalent one. The principal axis appears shortened, the apical 
pole may he either pointed br flattened, and the ventral half is 
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flattened out to form a more or less extended surface. The cylin- 
drical form is obtained by an elongation of the axis ( Holothuroiden ) 
(fig. 209), the round form by a shortening of the same and the penta- 
gonal disc by the latter process combined with a simultaneous elonga- 
tion of the radii. If the radii are elongated till they are two or more 

times the length 
of the inter-radii, 
the form takes 
the shape of a 
star ( Asteroid ea ), 
which may be 
either flat or 
arched. The arms 
of the star may be 
simple processes of 
the disc, and en- 
close a part of the 
body cavity (Stel- 
lerirha, Star-iish), or they may be more independent moveable organs 
sharply marked off from the disc', and as a rule simple (Ophinridtr), 
but sometimes branched (. Eun/(rfi(lft ' ), or they may even bear simple 
jointed side twigs, the pinnirfft' (f'ritioidra)* 

An important characteristic of the E chi node rniata is the indura- 
tion by calca- 
reous deposits 
of the deeper 
layers of the 
integument 
(dermal con- 
nective tis- 
sue), so as to 
give rise to a 
solid more or 
less moveable 
or even im- 
moveable ar- 
mour. In the 
leathery IIolo- 

thuroidea (fig. 210) alone these skeletal structures are confined to 
isolated calcareous bodies, which are embedded in the integument, and 
have a definite form of latticed plates, wheels, or anchors. In these 



Fig 211— Skeletal plates of Axtropcctni Hempnchtu (after J. Muller). 
DR, dorsal marginal ossicles , VR, ventral marginal ossicles ; Ap t 
amlmlacral ossicles , Jp, intermediate mterambulacral ossicles ; Adp, 
anterior adambnlacral ossicles projecting into the month. 




Fig. 210. — Calcareous bodies from the integument ot Holothu- 
nans. a, calcareous wheels of (furodota, b, anchor with 
supporting plate of Syria pt a , c, cliair-like bodies ; d, pl.itos of 
Holothurui nupatin)* ; r, hooks of Chirodota. 
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cases the dermal muscular system is strongly developed, and has the 
form of five pairs of bundles of longitudinal muscles, external to which 
is a continuous layer of circular muscular fibres covering the internal 
surface of the integument. In the Star-fishes and Brittle-stars a 
moveable dermal skeleton is formed on the arms consisting of calcare- 
ous masses (ambulacral ossicles ), connected 
together like vertebrae, while the integu- 
ment of the dorsal surface is filled with 
calcareous plates, and bears projecting 
processes and spicules (fig. 211). 

The exoskeleton in the Sea-urchins is 
immoveable. It consists of twenty meri- 
dional rows of solid calcareous plates 
immoveably connected together by their* 
edges so as to form a firm shell, which 
is continuous except at the two poles, 
where it is interrupted by membranous 
structures. The rows of plates are ar- 
ranged in two groups, each with five 
pairs ; of which the one group is radial 
in position and consists of plates pierced by 
the pores for the exit of the 
ambulacral feet ( amhdacral 
plates, fig. 212 ) ; the other be- 
longs to the inteivradii, and the 

plates are unpierced {the inter ambulacra! j dates, fig. 20G, 
7?, J). Near the apical pole, which in the Cr i noidea and 
the embryonic E chin aide a is occupied by a single plate 
(central plate), there is, in the Sea-urchins, a small area 
covered with minute calcareous plates and containing the 
anus. Around this area the five ambulacral and the five 
interambul acral rows terminate, each in a pentagonal 
plate ; the former ending in the smaller radial ocular 
plates (fig. 206), the latter in the larger inter-radial 
genital plates. The Crinoidea, in addition to the 
dermal skeleton of the disc, possess a stalk, which is 
composed of pentagonal calcareous masses, arises from 
the dorsal side of the body, and becomes attached to firm sur- 
rounding objects. 

Amongst the appendages of the dermal armour, the numerous 
and variously shaped spines and the pedicel lari re must be mentioned. 



Fig. 213.— 
Pcdicella- 
nft of a 
Lf t<K idarm 
(after Per- 
rier). 



Fig 212 - Tliml ambulacrum 
ot a younji Toxopnnwtf* ilrot - 
bachemm of S mm (.ittei Lovtfn). 
Op, Oculai plate P, pirmary 
plates and tentacle pores. The 
HUtmcs of the piimar> plates 
arc visible on the plates , Sw, 
the tubercles to which the 
spines me hi Undated 
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The former are inoveably articulated to the knobbed tubercles on 
the shell of the Sea-urchin, and are raised and moved laterally by 
special muscles developed in a soft superficial dermal layer. The 
pedicellarhe (fig. 213) are stalked, prehensile appendages furnished 
with two, three, or more rarely four jaw ^ which are continually 
snapping together. They are especially collected around the mouth 
of the Sea-urchin and on the dorsal suiface of the Star-fish. 


Small transparent bodies, splicer idia, are found in the living 
Sea-urchins, and probably have the value of sense oigans. In the 
Spatanyulce, knobbed and ciliated bristles (claruhr) aie found upon 

the so-called 


M A 



FiCr 214 — Diagram exhibiting the lelations of the diftoient sterns 
of organs in an Bchuwn (aftei Huxley). O, mouth , A, anus , Z, 


fascioles . 

The K cli mo- 
cl er mat a are 
especially cha- 
racterised by 
the possession 
of the peculiar 
watei - vascular 
s) stem and of 
the distensible 
ambulaoral feet 
connected with 
it (fii»s. 214, 
215). This 
ambulacral vas- 
cular system 
consists of a 
circulai vessel 


teeth , L, lips Am, nmirula* of the shell, n, retractor and pio 
tractor muscles of lantciu , Rg, circular arabiilacral vessel , Pr>, 
polian vesicle, Jt, radial vessel of the same, with side branches 
to the ambulacral feet (Am), Sc, stone canal M, madrepmu 
plate, St, spine, Pi, pedicellan e 


su rroundin g 
the oesophagus, 
and of five 
radial vessels 


projecting into the rays. These vessels have ciliated internal walls 
and contain a watery fluid. Very frequently a numlier of vesicles, 
the Polian vesicles, are connected with the circular vessel, also a 
number of racemose appendages, the significance of which is not 
fully understood. In connection with the circular vessel there is 
also a stone canal (in rare cases more than one are present), which 
permits of communication between the sea water and the fluid 
contents of the water vascular system. This canal, which is so 
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called on account of the calcareous deposits in its walls, either 


hangs within the body cavity, 
whence it takes up fluid through 
the pores in its walls ( Holothv - 
rians), or ends in a porous calca- 
reous plate, the madreporic plate, 
whicli is inserted in the external 
covering of the body, and through 
the pores of which the sea water 
percolates into the lumen of the 
canal system. The position of 
the madreporic plate vaiies con- 
siderably. In the CJf/peastridea 
it is at the apical pole; in the 
Cidaridea and Spatangidea it is 
intei radial, and falls in the an- 
terior light interradius near the 
apex , in the Asteridea it is also 
intei radial and dois.il ; in the 
Euryalidce and the Ophiurida it 
lies on one of the live buccal 
plates. Some Ecliinoderms, e.g 
species of Ophidiaster and Echi- 
nastrr pchinites , possess several 
stone canals and madreporic 
plates. 

On the lateral branches of the five 



Fig 210 — Diagrammatic section through one of 
th? aims of AUfracanthmn (after W Lange) 
JV, Nervous s>stem, P, ambulacralfeet , A, 
calcai eons portions of integument , T, dermal 
branchm 



Fig 215 — Diagiamatic i eprcsentation of 
tho watei vasculai system ot » >Stai*hsh 
Jdc, (Jireulai vessel , Ap, ampullH‘orPolum 
vesicles , Str, stone canal , M, madreporic 
plate , P. ambulacra 1 feet connected with 
the side twigs of the radial canals , Ap\ 
the ampulla* ot the same 

or more radial trunks are found 
the appendages known as the 
ambulacral feet (fig. 216). 
These are extensible tubes or 
sacs, which pass through pores 
and openings in the dermal 
skeleton and project on the 
surface of the body. They 
are capable of being swollen 
out, and are frequently pro- 
vided with a sucking disc at 
their free extiemity. Con- 
tractile ampulla* are placed at 
the point of junction of the 
they force the 
18 


tube fee f with the side branch of the radial vessel ; 
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fluid into the feet and cause them to swell, and hence to project. 
A number of feet so distended affix themselves by means of their 
sucking discs ; they then contract and draw the body slowly in 
the direction of the radii. The number and distribution of these 
appendages are subject to numerous modifications. Sometimes 


J 



Fig 217 — Sea-urchm divided along- the equatorial lme (aftei Tiodem mn) Z), Digestive 
canal fixed to the shell bj mesentery , O, generative oigans J, mtei 1 a dial plHtes 

they are arranged in rows along the whole length of the meridian 
from the oial region to the peiiproct ( Cidaridea and Pentacta). 
Sometimes they are scattered irregularly over the whole surface 
of the body, or only over the foot-like ventral surface, as in the 



Fig 218 —Longitudinal section through the arm and disc of Sohmter endeca (somewhat 
altered after G O Bars) 0, mouth leadmg into the wide stomach , A, anus ; L, radia- 
hepatic diverticulum of the stomach , G, genital organs , M<1, madreponc plate , inter 
iadial diverticulum of the rectum , Af t ambulacral feet 

Holothvrians . In some cases they are confined to the oral surface, 
as in all the Asteroidea. We are able therefore to distinguish an 
ambulacral and an antambulacral zone — the first coinciding with the 
oral and ventral surfaces, the latter with the dorsal surface. Never- 
theless the ambulacral feet are variously constructed, and do not in 
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all cases serve for locomotion. In addition to the ambulacral feet, 
great tentacle-like tubes may be present as appendages of the water- 
vascular system; the circle of tentacles round the mouth of Holo- 
thariwns (fig. 209) is composed of such appendages. We also find 
leaf-like appendages 
arranged over four 
or five-Ieived rosette- 
shaped areas, forming 
the ambulacral gills of 
the Spatamjidea and 
Cl //peas tr idea (figs. 

207 and 208). The 
irregular Sea-urchins 
all possess in addition 
ambulacral feet upon 
the ventral surface. 

These are in the Cl/p 
peastridea almost mi- 
croscopic in size ; they 
are very numerous, 
and are arranged in 
branched rows or are 
irregularly distributed 
over the surface. 

The Echinodermata 
posses* an alimentary 
canal distinct from 
the body cavity ; it 
can be divided into 
three parts — (esopha- 
gus, stomach, and 
rectum. The anus is 
placed usually at the 
centre of the apical 

pole, rarely in an inter- ^ IG ' — Holothurw tubulom, opened longi udmally (after 
radio* nn ^ Awards). O, Month m the midst ot the tentacles 

ramus on the ventral (TJi D. dischtivc canal, fft, stone canal, P, Polio n 

side. The intestine vesicle ; R( 1* cn cular \ essel ot the ater-voRcnhu system , 

]»,o V , ° v * 0Vftries > Al h ambulacral vessel; M, longitudinal 

-y, noWe Ver, end muscles, af, ^ssel to the intestine, 6Y, cloaca, Wl 

blindly, as for example re8piratory treeh ' 

in all the Ophiuridte and Ear// a l Idee, also in the genera Astero- 
P^ c en, tenodiscus , and Luidia , whieli have no anus. The mouth 
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is often surrounded by projecting skeletal plates armed with 
spicules. There may even be developed, as in the Cidaridea and 
Clypeastridea, pointed teeth covered with enamel, constituting a 
powerful masticatory apparatus, which again is supported around 
the (esophagus by a system of plates and rods. This apparatus is 
known as Aristotle's Lantern (fig. 214). In the Holothurians , on 
the other hand, there is a calcareous ring round the oesophagus. It 
is formed of ten pieces, and serves for the attachment of the longi- 
tudinal bundles of the dermal muscles. 

In the Star-fishes the digestive canal is invariably short, sac-like, 
and beset with branched blind appendages, some of which lie in the 
disc, while some project a long way into the arms. In the Asferoidea 
we find five pairs of strongly developed multilobed diverticula of 
the middle division of the alimentary canal (fig. 218). The five 
diverticula of the short rectum which fall in the interradii are 
much shorter, and perhaps perform the function of kidneys, while 
the longer diverticula increase the digesting surface. In the other 
Ecliinoderms the narrow intestine is much increased in length, and 
is either, as in Comat ala, coiled round a spindle in the axis of the 
disc, or, as in the Sea-urchins, describes some convolutions (fig. 217), 
and is attached to the inner surface of the shell by fibres and 
membranes. In the Holothurians also the intestine is, as a rule, 
much longer than the body, and is usually folded upon itself three 
times and attached by a sort of mesentery (fig. 219). 

The true vascular system is very difficult to trace. It consists in 
most Echinoderms of a ring-like vascular plexus surrounding the 
(esophagus. From this circular vessel radial vessels pass off one to 
each ray, and these trunks again give off other branches. There is 
in addition on the dorsal surface a second circular vessel, which sends 
oft* branches to the stomach and generative organs. These two 
vascular rings are connected by a supposed heart, which, according 
to Ludwig, consists of a close plexus of contractile vessels. In the 
Holothurians, besides the vascular ring round the oesophagus, only 
two trunks with their branches to the intestine are known. The 
blood is a clear, slightly coloured fluid, in which numerous colourless 
blood corpuscles are suspended. 

Special organs of respiration are by no means universally found. 
The entire surface of the external appendages, as well as the surface 
of the organs suspended in the body cavity, and especially of the 
intestine, appear to play a part in the exchange of the gases of the 
blood. The sea-water very likely enters by the pores in the madre- 
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poric plate into the body cavity, and is kept in active movement by 
the cilia which line the body cavity and the perihaemal canals ; in 
this way the surface of the internal organs is continually bathed by 
water. The leaf -like and pinnate ambulacral appendages (ambulcccral 
branchiat) of the irregular Sea-urchins are regarded as special organs 
of respiration, as also are the oecal tubes (dermal branchiae), which 
project from the surface of the 
integument and communicate with 
the body cavity in some regular 
Sea-urchins and in the Asteridea. 

These dermal branchiae are dis- 
tributed in the Asteridea over the 
whole dorsal surface as simple tubes, 
and in the Echini they surround 
the mouth as live pail’s of branched 
tubes. Lastly there are the so-called 
respiratory trees of Ilolothnnans ; 
these are two large tree-like branched 
tubes which open by a common stem Fig 220 — Diagram of the nervous sys- 
into the cloaca. The water which is fcciu of a Stai - ftsh The nerve rmp 

connecting the five ambulacral cen- 

taken into these organs can be again tics, 
ejected with great force (tig. 219). 

The nervous system (tig. 220) consists of tive principal nerves 
running down the tive rays. These nerves in the Asteridea lie imme- 
diately beneath the epidermis of the ambulacral groove, external to 
the radial blood vessel and water vascular trunk : they send off 

numerous fibres to the ambulacral feet, 
the muscles of the spines, pedicellarite, etc. 
These ectodermal bands may be looked 
upon as the central part of the nervous 
system (“ ambulacral brains ” of J. Muller). 
Near the mouth they divide into two parts, 
which unite with corresponding branches 
Fit, 221 - A*i rojx etc n an ran- from the other radial trunks to form a 

fiacug, end ot ray with the eye nervous ring containing ganglion cells. 

(Oe) bui rounded by spicules , , 1V1 f , , , , , 

(after e Haeckel). lhe tentacle-like ambulacral feet which 

in the Asteridea and Oplduridea are 
piesent in simple number at the end of the arms are supposed 
to have the value of tactile organs. The same significance has 
been attributed to the tentacles of the Holothurids and to the 
pencil-like tactile feet of the tipatanyidw. Organs resembling eyes 
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have been found in the Echinoidea and Asteridea. In the former 
(Cidaridea) there are, on special plates ( ocular plates), at the apical 
pole, five tentacle-like prominences, in each of which a nerve ends. 
The eyes of the Asteridea are most accurately known. According to 
Ehrenberg’s discovery, they have the form of red pigment spots, and 
lie on the ventral side of the rays at the distal end of the ambulacral 
groove. Tlie} r are spherical pedunculated prominences, and the 
convex surface is covered by a simple membrane, which hides a 
number of conical simple eyes (fig. 221). The simple eyes appear to 
have their axes directed towards a common point. They each con- 



sist of a red mass of pigment surrounding a refractive body, and a 

nervous apparatus. 

Reproduction is mainly 
sexual, and separate sexes 
are the rule. Only 8y- 
napta and Amphiura 
are hermaphrodite. The 
organs of reproduction 
of the two sexes are ex- 
tremely alike, so that if 
it were not that the colour 
of the generative products 
is different,— the seminal 
fluid is mostly white and 
the ova red or yellow, — 
a microscopical examina- 
tion of the contents of 
the generative glands 
would be the only means of distinguishing between them. Sexual 
differences of the external form or of definite parts of the body are 
only very rarely present, since as there is no copulation the sexual 
functions are usually confined to the secretion and preparation of the 
generative material. Ova and spermatozoa, with some rare excep- 
tions, first come in contact in the sea water outside the body of the 
mother. Internal fertilization, which is very rare, occurs in several 
viviparous species of Ampldura and Pliyllophorus. The number and 
position of the generative organs are generally in strict correspondence 
with the radial structure; nevertheless there are numerous excep- 
tions to this. In the regular Echinoidea, five-lobed ovaries or testes, 
which are composed of branched blind tubes, lie in the interradii on 
the internal surface of the dorsal part of the shell (fig. 222). The 


222. — Genital organs of Echinu*. Ail, Rectum ; (r, 
genital glands lying on the mterambulacral plates ; a, 
rows of ampulla.'. 
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ducts of these glands are five in number, and open to the exterior 
through five openings in the skeletal plates (genital plates) around 
the apical pole (figs. 206, 222). In the irregular Spatangidm the 
generative organ of the posterior interradius is always absent, and 
the number of glands may be three or two. In the Asteridea the 
five pairs of genital glands have the same interradial arrangement : 
sometimes however, they project into the arms : the apertures for 
the exit of the generative products lie on the dorsal side, and in 
each interradius two places may be found, each of which is pierced in 
a sieve-like manner by a number of such openings (fig. 223). In the 
Ophiuridfti ten lobed generative glands composed' of a number of 
blind tubes are developed around the stomach ; their products pass 
through special passages into pouches, and from thence to the 
exterior through paired slits on the ventral side between the arms. 
The generative glands of the Crinoidea 

are concealed in the arms and pinnules. jL 

In the Holothnrians, the generative 

organs are reduced to one branched 

gland, the duct of which opens to the 

exterior not far from the anterior pole 

of the body on the dorsal side (fig. 219). 

The development of the Echmoderinata 
presents as a rule a complicated meta- 
morphosis, and is characterised by the 

possession of bilateral larval stages. Fig. 223 — Part or the mter-radiuH of 
Many Holothuriam, are developed with- 

out passing through these larval stages, of pores (wove plat**) on the dor- 
•. j. • o i • sal fekm (after .1 . Muller and Tros- 

as also are certain Sea-urchins, as chel) 

Anochanns, Hem taster , and some Aste- 

roidea, which are either viviparous ( Amphiura squamuta ) or lay only 
a small number of eggs, and protect them during their development 
in a brood pouch. In these cases also the first stage is a ciliated 
embryo, which is either developed directly or passes through a much 
simplified metamorphosis. 

In the cases of a complicated metamorphosis, the ovum, after under- 
going a nearly equal segmentation, gives rise to a spherical embryo, 
the cellular wall of which is ciliated and encloses a central gelatinous 
substance (fig. 103). A pitlike depression of the cellular wall gives 
rise to the first rudiment of the alimentary canal, and the opening 
of this depression (gnstrula mouth) to the anus. The ciliated embryo 
becomes elongated and gradually takes the form of a long, oval, more 


a star-fish (Solantirj with the gen- 
erative glands ( Q) and the groups 
of pores (sieve plates) on the dor- 
sal &km (after .1 . Muller and Tros- 
chel). 



280 


ECHINODERMATA. 


or less pear-shaped larva, in which a slightly arched dorsal, two 
symmetrical lateral, and a saddle-shaped ventral surface can be dis- 
tinguished. The cilia which are concentrated upon the raised edge 
of the ventral depression give rise to a continuous ciliated band 
which serves as a locomotive apparatus. [This band first appears as 
two separate ciliated ridges placed transversely, one in front of, and 
the other behind the mouth (fig. 224, 3). These soon become con- 
nected laterally.] The alimentary canal, which has now acquired an 
anterior opening, the mouth, consists of three portions, — the (eso- 
phagus, the stomach, and the intestine. The wide mouth leading 
into the (esophagus is situated within the band of cilia on the 
ventral surface ; the anus is also ventral, hut external to the ciliated 
band in the region of the posterior pole. Before the appearance 


12 3 // 



Fig 224 — Lanai development of Antcrucanthion iLei i/hmu (aftei A Agassiz) (for earlier 
stages see fig 103) 1, stage wheie the mouth (O) 1ms just appealed, ropicscnted in 

profile. A, blastopore (anus), 2), intestine, T p, vaso pentoncal sac 2, Somewhat oldei 
stage m surface view with two separated vaso-pei itoueal sacs 3, Latei stage, from the 
ventral side, with two transverse ciliated ridges (W) , the sne on the loft side has an 
excretory poie 4, Young Bipinnaria with double band of cilia (W) 

of the mouth, another organ is separated from the alimentary canal: 
this is a sac-like ciliated tube, which opens to the exterior by a pore 
on the dorsal surface, and represents the first commencement of the 
ambulacral system. A second organ, which also lias its origin from 
the rudimentary digestive canal, consists of the disc-shaped lateral 
sacs (fig. 224), from the walls of which the peritoneal lining of the 
body cavity is produced. 

With their progressive development the larvae of the Sea-urchin , 
the Starfish , and the llolothurian diverge more and more widely from 
one another. The raised edge of the depression just mentioned, with 
its band of cilia, becomes bent and prolonged into processes (tig. 
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225) of different form. These processes are arranged with a strict 
regard to bilateral symmetry, and their number, position, and size 
essentially determine the special shape of the body. An anterior 
and a posterior ventral region of the band of cilia can be distinguished 
from the lateral parts which form the dorsal portions ; the latter curve 
round and pass into the former at the anterior and posterior ends of 
the body (fig. 225, b). The dorso-lateral parts may, however, unite 
anteriorly with one another without passing into the anterior ventral 
band; in this case the anterior continuations of the latter pass 
directly into one another so as to form an independent prseoral ring, 
while the dorso-lateral and posterior ventral portions of the origin- 
ally continuous band form a longitudinally directed post-oral ring. 
This arrangement is characteristic of the larvfe of the Asteridea 
( Bipinnaria , 

Brachiolaria). a 

In all other <**==**»*, 

forms a single 
longitudinal 
band of cilia 
only is pre- ^ 

sent. In the P 

larvae of Holo- 
thurians, the 
Auricular ia 
(fig. 225), the 

processes re- ^ ** ji 

main sh Ol t p IG 225 . — Auricularm larvue (after J. Muller), «, from the dorsal side ; 
and soft; they Ivomthe ventral side. 0, mouth beneath the oral shield ; Oc, oeso- 
„ , phftftUB ; M y stomach , Dy intestine with anus (A) , P, peritoneal sac ; 

are tound on r, Water-vascular rosette with pore ; P, calcareous wheel-like bodies. 

the dorso- 
lateral edges and on the posterior dorso-ventral arch of the band 
of cilia; they also ^appear on the posterior ventral (umbrella) and 
the anterior ventral (oral shield) parts of the band. The processes 
have a similar disposition in Bipinnaria, where, however, they 
are often much longer, but are in this case also not provided 
with calcareous rods. The Brachiolaria are distinguished from the 
Bipinnaria by the possession of three anterior arms, which are placed 
between the anterior portions of the two rings of cilia, and serve as a 
fixing apparatus. The bilateral larva; of the Ophiurids and Sea-Urchins, 
the so-called Pluteus forms, are distinguished by their large rod- 
shaped processes, which are supported by a system of calcareous rods. 
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The Pluteus larvte of the Ophiurids possess long lateral arms on 



the anterior dorso- 
ventral arch of the 
band, on the dorso- 
lateral edge, and on 
the edge of the pos- 
terior ventral hood. 
The Pluteus larva of 
the Sea-urchin has no 
Literal arms, but pro- 
cesses are developed 
on the edge of the 
anterior ventral hood 
(fig. 226). The larvae 
of the Spatamjirffv are 
characterised by an 
unpaired apical rod, 
and those of Echinus 
anil Echinocidaris by 


Fig 226. — Plttf/tt* of a <S patangu* with so calk d apical lod 
(St) (uttei .T Mullei) 


the presence of ciliated 
epaulettes (lig. 227). 


The transformation of the laterally symmetrical laiva with its 


bilateral processes and com- 
plicated organization into the 
body of the adult Echino- 
derm is not in all cases 
effected in the same manner. 
In the Sea-urchins and Star- 
fishes the young animal is 
developed by a process of 
new formation within the 
body of the larva, the 
stomach, intestine, and dorsal 
sac alone persisting; while 
the transformation of the 
Auricularia into Sj/najrta 
takes place without the loss 
iof so many parts of the larva, 
the young passing through a 
pupa-like intermediate stage. 
In the first case a mass of 



Fig 227. — Phtfeu* laiva of Echmn* hmdu* with foui 
ciliated epaulettes (W<) (aftei E Mctochnikoff) 
from tho ventral side O, Mouth , A t anus. 
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interstitial tissue filled with round cells is foimed external to 
the lateral discs, and with participation of the thickening skin. 
This tissue becomes the seat of calcareous deposits, and foims 
the dermal skeleton of the adult Eeliinodeim (fig. 228 a , b). 
The canal of the doisal pore has in the meantime changed its 
simple form and developed into the circular vessel with diverti- 
cula, which are destined to become the ambulacral trunks. As 
development progresses, the young animal appears as a more or less 
spheiical or pentagonal body, or as a star with short arms, in propor- 



Fig. 228 — hijmnwi hi from Tncst forming a stage m the development of the Stai-fish 
(St) (after J Muller) «, Hailici stage 3f, htoinacli , A, anus, T, ambulacral losette 
with ciliated tube opening b^ the doisal poie , S t stone canal Oldei stage 


tion as it piedominates over the larva. Finally, after the spi outing 
out of the ambulacial feet, the young Echinoderm becomes separated 
from the laival body, which not unfiequently remains attached to 
the former, like the remnants of a bioken-down framework. The 
stomach, which is taken into the interior of the body of the 
Echinodeim, is torn from the oesophagus of the larva (. Bipinnaria ), 
and acquires a new oesophagus and mouth. The dorsal pore becomes 
the pore of the madreporic plate. 

The Synaptidw, on the contrary, are foimed by the transformation 
of the entire body of the Avricnluria, Five tentacles appear in front 
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of the stomach and the circular vessel, which is formed from the 
dorsal tube. They are at first enclosed in a cavity, from which later 

on they penetrate to the exterior. 
The larva retracts its lateral lobes 
and transforms itself into a barrel- 
shaped body with five transverse 
rows of cilia, and loses the mouth 
and dorsal pore (fig. 229). The 
ambulacral system gradually de- 
velops further, the intestine be- 
comes longer, the first five tentacles 
break through to the exterior, the 
mouth appears at the anterior pole, 
and the first suctorial foot with its 
ambulacral vessel is seen on the 
ventral surface (fig. 230). The 
animal gradually loses the bands of 
cilia, and as a young Jlolothurian 
creeps about by means of its ten- 
tacles and of the first ambulacral 
foot, which is soon followed by a 
second new one. 

In the more direct development 
the bilateral larval form seems to be completely suppressed, and the 
time of free-swimming life shortened or altogether dispensed with. 
In these cases, protective 
arrangements, such as brood 
pouches, are always present 
in the mother. The brood 
pouch of P ter aster milltaris 
is the most carefully pro- 
tected. It lies above the 
anus and generative open- 
ings ; its walls are highly 
charged with calcareous 
matter, and they are raised 
above the spicules on the 
back. From eight to twenty 
ova (1 mm. in diameter) pass into the interior of the brood pouch, 
and are there developed into oval embryos, which acquire several 
sucking feet and assume later the form of a star with five rays. 


d 



Fig. 230 — Young Holothund with extended ten- 
tacles (T), swimming and tieepmg (after J 
Muller) 



Fig 229 — Auricularia pupa of Synapta 
seen m profile (after E Metschnikoff) 
The month is already huge, so that 
the tentacles (T) can be protruded 
Wr, Ring of cilia, Pe, Pi , somatic 
and vihceial layers ot the peritoneal 
sacb, Ob, auditory vesicle, Po , pore 
of the water- vascular system, R, cal- 
careous w heel-Bhaped body 
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The formation of the embryo takes place thus : four shield-like 
thickenings are formed upon one segment of the ovum, and beneath 
them several ambulacral feet make their appearance. The star is 
developed by the increase in size and number of these discs and 
ambulacral feet. At this period of development we can distinguish 
the circular ambulacra! vessel surrounding a central hemispherical 
projection of the oral disc, also the live vascular trunks and 2 — 3 
pairs of sucking feet in each ray. In other cases, the brood pouch 
is formed upon the ventral surface of the Star-fish, e.g., Echinnster 
Scirsii , and the embryo, which is completely ciliated, is provided 
at the anterior end with a knobbed process. The latter is divided 
into several structures (Haftzapfchen), which serve as organs to 
attach the body of the embryo to the wall of the brood pouch. 
Suctorial feet are now formed in each ray, two paired and one 
unpaired, the latter lying nearest to the angle of the pentagon. 
The five angles become more and more projecting, and acquire 
eye spots and ambulacral grooves. Spicules appear, and the 
mouth perforation is formed, the fixing organ aborts, and the em- 
bryos escape from the maternal brood pouch; and being at this 
time capable of creeping and of nourishing themselves independently, 
they gradually develop into small star -fishes. The mode of deve- 
lopment is the same in Asteracanthion M idler ii, and some Ophiurids, 
as Amphiura sqnamata. 

Amongst the Holothurids (//. tremnla) the simple and more direct 
development was first observed by Danielssen and Koren, and later 
by Kowalevski, in Phyllophorus urna , and by Selenka, in Cucumaria 
doliolum . In the first case the embryo leaves the egg in the form of 
a ciliated larva, which soon assumes a pear shape, and develops the 
circular vessel of the water-vascular system, and five tentacles round 
the mouth. The alimentary canal and the dermal skeleton make 
their appearance before the five tentacles have assumed the function 
of locomotion in place of the cilia which have disappeared. Later on, 
with the progressive growth, the tentacles become branched, and two 
ventral feet appear, which put the bilateral symmetry of the larva 
beyond all doubt. In all cases, even in the cases of a more direct 
development, the radial symmetry of the adalt Ecliinoderm appears to 
he preceded by a bilateral symmetry of the larva . 

All the Echinoderms are inhabitants of the sea ; they are capable 
of a slow, creeping movement, and feed on marine animals, especially 
on Mollusca, but also on Fuci and sea- weeds. Some, are found near 
the coast at the bottom of the sea, others occur at considerable 
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depths. Many possess a great reproductive power, and are able to 
replace lost parts, such as arms, with all their apparatus of nerves 
and sense organs. 


CLASS I. — CKINOIDEA.* 


Globular or cup-shaped Echinodermata with segmented arms fur- 
nished with pinnule e. They are usually attached by a segmented 

calcareous stalk . The 
shin upon the etboral 
side Is provided with 
plates , the amhnlacral 
appe adages have the 
form of tentacles , and 
aie situated hi the 
amhnlacral furrows of 
the calyx* and of the 
segmented arms. 

The greater number 
of Crmoulea are eha- 
laeteiised by the pre- 
sence of a segmented 
stalk bearing cini. 
Tins stalk arises from 
the apical (dorsal) pole 
of the calyx, and is 
attached at the in- 
ferior end to sui round- 
ing objects (fig. 231). 
In some few living 
genera, as (\ omatula 
(fig. 232) and Actino - 
metra, this stalk is 
only present in the 
yormg form. The body 
with the contained visceia appears, therefore, as the calyx at the 
upper end of the stalk, and only in exceptional cases is directly 



Fig 231 — Paitacrmii* atjuf Medunoe (after J Muller) 
O, mouth , 4, anus, of the disc, which is represented from 
the oral side 


* J. S. Miller, “A Natuial History of the Crmoidea oi Lily-shaped Animals,” 
Bristol, 1821. J. Y. Thompson, “ Sur lc Pontacnnus Euiopams, 1’tlaf de 
jcunesse du genic Comatula,” L’mstitut, 1835. J. Mallei, “ Uchcr den Bau 
von Bento* ruius caput Medusae, ” Abhandl. tin lint Alad , 1841. J Muller, 
“Uebcr die Gattung Comatula und lhie Aitcn,” 1 bhandl dn Beil Alad.] 
1847. Leop v. Buch, “ Uebei Cystideen,” Abhandl dn lh rl. Akad , 1844.’ 
Fud. Komer “ Monogiaphie dci fossilen Cnnoidtcn faniilu du Blast oidcen,” 
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attached by its dorsal apex. The segments of the stalk, which are 
mostly pentagonal, are connected by bands of tissue, and are pierced 
by a central canal, which serves for nutrition, and contains a central 
and five peripheral blood vessels ; at certain distances they bear 
hollow and segmented cirri, which are arranged in whorls. 

The dorsal surface of the calyx is covered externally by regularly 
arranged calcareous plates, while the upper (ventral) surface, on 
which the mouth and anus are situate, is clothed with a leathery 



Fig 232 — Comat ulu mtdrtet raven represented fiom the vential side 0, mouth, 

A, anus The pinnule? arc filled with the geneiative products 

skin. At the margin of the cup there arise movable, simple or 
forked, and often branched arms, which are supported by a solid 
framework consisting of dorsally placed calcareous plates, which 
are movable upon one another by special muscles. In almost 

Arch, fur Xaturgesch , 1811. W. Thompson, “On the Embiyology at the 
Antedon rosaccus, ” Phil. Trans Hot/. Sot , Tom ir>5, 18(»r>. W. B. Oaipenter, 
“ Researches on the htiuctuie. Physiology and Development ol Antedon 
rosaceus,” lhid. t Tom 150. A. Gotte, “Veigl. Entwichelungsgesclnchte der 
Comatula Meditenanea,” Arrhiv fui mukrobh. Aiiatoinit, I om XII. II. 
Ludwig, “Moiphol. Studien an Ec hmodcimen,” Leipzig, ls77. 
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every case the arms bear, either on their main stems or on their 
branches, lateral appendages, the pinnules, which have an alternate 
arrangement on each side, one being attached to each segment of the 
arms. Essentially the pinnules represent the ultimate ramifications 
of the arms. 

The mouth, as a rule, lies in the centre of the cup. From it 
certain furrows, the ami ml acral grooves, traverse the disc (fig. 231) 



Fig. 233 .— Developmental stages of Comatnla ( Antedon ), much enlarged, a, tree-swimming 
larva with tuft and rings of cilin {Wr\ also with rudimentary calcareous plates. b t At- 
tached Paitacnnoul form of the same animal. O, Oraha; Ji , Radialia , JB t Jiasalia ; 
Ckl, Centrodorsal plate, c, Older stage described as Peniacrmm evropaa'* with arms and 
cim (after Thomson). 

and pass on to the arms, and their branches and pinnules; they 
are lined by soft skin, and carry the tentacle-like ambulacral 
appendages. The anus, when it is present, lies excentrically on the 
ambulacral (ventral) surface of the disc. The development of the 
living genus Comatula, which begins with a barrel-shaped larva 
with four bands of cilia and leads to the fixed stage of the Pen- 
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tacrinus form (P. Europeans) (fig. 233), consists of a complicated 
metamorphosis. 

The greater number of Crinoids belong to the oldest periods of 
the history of the earth (the Cambrian, Silurian, Devonian, and 
the Carboniferous formations). Existing forms 
live mostly at considerable depths. 

We distinguish two orders, the Tesselata and 
the Articulata. 

The latter is represented by numerous fossil 
•forms, but by only a few living genera as Penta- 
crinus , Holopus , and V omatula (fig. 234). The 
cup is always less completely provided with plates 
than in the fossil Tesselata. 

Articulata. 

Fain. Pentacrinidse. Crinoids with ton arms, several 
times bifurcated. There is a pentagonal stalk with 
whorlcd cirri. Pentacnovx caput Medusa*, Mill, from 
the Antilles. P . MiiUeri Oerst., West Indian Ocean. 

The fossil forms arc : Pncr turns Idiiformis Sehl. (fig. 284) 
from the Muschelkalk ; also Apiocriwus, allied to the 
existing Pit izocri tins lofotcnxb Sara, and to Bath tjerinus 
i jraeUis , and atd richianns W. Th., from the deep sea. 

Allied to this group is the third existing genus Holopus , 
from the West Indies, with calyx attached by a short Fig. 234.— -Ewcmm* b/«- 
unjointed prolongation of its apex. //. Jtangii d’Orb. formi* from the Mus- 

Fam. Comatulid®. Stalked only in the young state. chelkalk. 

The adult animal is free. There are usually ten arms at 

the margin of the flattened body ; mouth and anus are present. The Coma - 
tulidce possess the i>ower of striking their arms towards the ventral surface 
and so of propelling themselves amidst the sea-weeds. The vermiform larva, 
with its four ciliated girdles, makes its appearance within the egg-membranes. 
It acquires a mouth and anus, also a tuft of cilia at the posterior end of the 
body, and swims about freely. It passes later, by the formation of cal- 
careous rings and rows of plates, into the stage of the stalked Peutacrinns , 
from which the (\matula is produced by the separation of the cup from 
the stalk. Comat ula meditcrratiea Lam., Antedon rosacea Link., known 
in the young attached stage as Peutacriuus Europaeus . Aetbwmetra 
J. Mull. -He 

To the Crinoids are allied the fossil (\ifstidea and Blastoidea . The Cy^ 0 ne 
were provided with short stalks and slightly developed arms. Their gen 
organs were enclosed in the calyx, whence their products escaped t*. 
genital opening capable of being closed by movable valves. They a^riiculatea 
fossils in the Cambrian, (Silurian, and Devonian formations and a 1 processes 
ferous limestone. To this group belong the genera Sphaeronitex^ h the radial 

A P™cjjxtrfes. of each double row 

The Blastoidea have no arms, and only possess ambu'° 
which is attached by a segmented column. Pcntatrem ^y a su riire, 01 are 
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CLASS II. — ASTEKOIDEA (STARFISHES).* 

Echinoderms with dorso-ventrally compressed pentagonal or star- 
shaped body. The ambulacral feet are confined to the ventral surface. 
Internal skeletal pieces in the ambulacra articidated together like 
vertebrae. 

The Star-fishes are chiefly characterised by the predominating 
pentagonal or star-like discoidal shape of the body, to the ventral 



Fig. 235. Eohtaaxfer xentus, from the oral surface (after A. Agassiz) O t mouth; 
Af y ambulacral feet. 


rface of which the ambulacral feet are confined (fig. 235). The 
ci* are long in comparison with the inter-radii, which are very 


m consequence of the divergence of the interambulacral 
and pa pj a | es . they constitute more or less projecting movable 
are line mova ble skeletal structures. These latter consist of 


appendagv an . an g e( j j p a i re d calcareous plates (ambulacral ossicles), 
ambulacral 

,. . /■v.JSchel, “ System der Astcridcn,” Brunswick, 1841. Com- 

livmg genus ( ortu. of Krobll? Hars> Lut keii, L. Agassiz, etc. 

with four band ^ of cii 
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which reach from the mouth to the end of the arms, and are 
articulated together like vertebrae. The skeleton of the Asteroidea 
is distinguished from the globular or flattened shell of the 
Ecliinoidea by the fact that the ambulacral and interambulacral 
plates are confined to the ventral surface, and that on the outer 
side of the former there is a deep ambulacral groove , which contains, 
outside the ossicles and beneath the soft skin (which in Ophiurids 
possesses special calcareous plates), the nerve trunks, the peri- 
hsemal canals with the blood-vessels and the ambulacral trunks. 
In the Op/d it, r idea the ambulacral groove is covered by the dermal 
plates so that the ambulacral feet project at the sides of the arms. 
Upon the dorsal surface the dermal skeleton appears leathery; it 
is, however, as a rule, filled with small calcareous plates, on which 
are placed spines, protuberances, and papilla*, constituting a covering 
of a most 
varied kind. 

At the mar- 
gin in the 
dorsal integu- 
ment there is 
usually a row 
of larger cal- 
careous plates 
^ ( superior mar- 
ginal plates) 

(fig. 236). 

Upon the ven- 
tral surface 
we can distin- 
guish, in addition to the internally placed ambulacral ossicles, inferior 
marginal ossicles (fig. 236, VR), also the adambnlacral plates (Adp), 
and the intermediate interambulacral plates (dp). The two last corre- 
spond to the interambulacral plates of the Echinoidea, where they occur 
as two or more rows, which are united along the whole length of the 
inter-radius : in the Asteroidea , however, they separate from one 
another at an angle, and are disposed along the opposed sides of ad- 
jacent arms. The ambulacral ossicles are calcareous bodies articulated 
together like vertebrae, with spaces between their lateral processes 
for the passage of the vessel connecting the ampullae with the radial 
vessel and the tube feet. The right and left pieces of each double row 
are either ( Ophiuridea ) immovably connected by a suture, or are 



Fig. 236. — Skeletal plates of A*tro})ectm Hempnehtii (after J. Muller). 
JDR, Dorsal margins 1 platos; VR, ventral marginal plates, Ap, am- 
bulacra! ossicles; Jp, intermediate interambulacral plates; Adp, 
anterior adambulacnil plates forming an angle of the mouth. 
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" rti< * u,Hted h y »M* fit into one another 
at the bottom of the atnlmlaeml groove; the latter only (Stelleridea) 

possess transverse nmndes on th6 ambulncml ossicle. \nd aiv able 
to Wild t\unr arms together towards the ventral surface. The 
Ophiitridrtt are provided with longitudinal muscles only, by means 
of which they niv able to lmnl their arms to the right n ml left in 
a horizontal plane with a serpentine movement. 

The mouth is always placed in the centre of the vent ml surface in 
a pentagonal or star-shaped depression, the edges of which are 
usually beset with stiff papillae. The inter-mdial angles are marked 
by the junction of two adnmhulacinl plates , and frequently function 
as organs of mastication. The anus may be wanting : when present, 
it invariably lies at the apical pole. The nmdreporic plate , of 

which there may be one or more, is situated inter-radially and 
dorsally ( Stelleridea ), or on the inner surface of one of the buccal 
plates ( Ophiuridea ), on the exterior of which a pore may be present. 
Development in certain cases takes place without the interposition 
of a bilateral larval phase with bands of cilia. When such larvae 
are developed, they have the form of a Platens (Ophiurid) or Bipin- 
naria and Brachiolaria (Stellerid). 

The great power of regeneration possessed by Starfishes is not 
confined to the reproduction of lost arms, but may lead to the new 
formation of portions of the disc, or even of the entire disc from 
a single separated arm. This process thus amounts to a species of 
asexual reproduction by fission, and has been especially observed in 
forms with six (Ophiactis) or more than six ( Linchia ) arms. 

Fossil star-fishes are found as far back as the lower Silurian strata 
(Palceaster), where intermediate forms between Stelleridea and 
Ophiuridea (Protaster) make their appearance. 


Sub-Class 1 . — Stelleridea (Aster idea) Starfishes. 

Asteroidea whose arms are prolongations of the disc, and contain the 
hepatic appendages of the alimentary canal, and also the generative 
organs. They ptossess a deep, uncovered ambulacral groove running 
along the ventral surface, in which groove the ambulacral feet are 
disposed in rows . 

The Stelleridea usually possess broad arms, and are characterised 
by the fact that the ambulacral ossicles of the two sides are connected 
by transverse muscles and are movable upon one another. The 
anus lies at the aboral pole, but may be wanting in certain genera 
(Astropecten). The madreporic plate and the genital pores are 
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situate inter-radially and upon the dorsal surface. The multilobed 
branched diverticula of the stomach extend into the cavities of the 
arms (fig. 218). On the ventral surface of the latter, two or four 
rows of ambulacral feet project from the deep ambukcral groove, 
the edge of which is beset with papillae (fig. 235). Pedwellarice are 
also found, and dermal gills projecting through the tentacular pores 
of the dorsal surface. 

They feed principally upon Mollusca , and, by means of their 
ambulacral feet, crawl slowly upon the bottom of the sea. Some 
few of them are developed by a very simple process of metamorphosis 
within the brood-pouch of the mother ; but the greater number of 
them pass through the free 
larval stages of £ ip h maria 
and Brack iolarift (figs. 224 
and 228). 

Fam. Aeteriad®. The cylin- 
drical ambulacral feet end m 
broad suctorial discs, and arc 
usually arranged in four rows 
along each ambulacral groove. 

Aster it** L. (Ante r acanthi on}, 

A. (/loci alls 0. F. Mvillcr., 11c- 
banter hchanthu x Gray. 

Fam. Solasterid® . T1 ic cv 1 i n- 
drical ambulacral feet arc dis- 
posed in two rows. Kays long, 
often more than five Sol ant or 
pa ppo.su* Retz., Kchinastcr 

nepoxitux Retz.. Ophifliaxtr? Fro> 33 7 —Asteri*cn* verructtlafu *, with the dorsal 
Ag., h nick at Nardo. skin removed. Ld, Ralial appendages or hepatic 

Fam. Astropectmidee. Am- tubes of tho Stomach ; G, generative glands 
bulacral feet conical, and with- 
out suctorial disc, arranged in two rows. There is no anus. Axtrfpectrn 
aurantincus Tliil. Lublin Forb., Ctcnodixcux Miill. Tr. 

Fam. Brisingids. Body shaped like an Ophiurid. Rays distinct from the 
disc with only a narrow internal cavity. Brining a coronata Sars. 

Sub-Class 2. — Ophiuridea ( Brittle Stars). 

Asteroidea characterised by the absence of an anus , and by the pos- 
session of lony cylindrical arms which are sharply distinct from the 
disc, and do not ' contain appendages of the alimentary canal. The 
ambulacral groove is covered by the dermal plates so that the ambulacral 
feet project at the sides of the arms . 

The Ophiuridea can be at once distinguished by the flexible 
cylindrical arms, which are sharply distinct from the disc, and enclose 
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no diverticula of the alimentary canal. The movements of the arms 
are principally in the horizontal plane, and in many cases permit of 
a creeping locomotion amongst marine plants. The ambulacral 
groove is always covered by special dermal plates, and the ambulacral 
feet project laterally between the spicules and plates on the upper 
surface (fig. 238). In a few cases the arms are branched, and can be 
rolled up in the direction of the mouth. In such cases the ventral 
groove is closed by a soft skin ( Astrophyton ). The anus is always 
wanting, as are pedicellaricr. The generative products pass into 
genital pouches (bursae), and from these directly to the exterior 

through inter-radial paired 
slits. The madreporic plate 
lies upon the ventral sur- 
face in one of the buccal 
plates. Some few Ophiu- 
l-ids are viviparous, e.g ., 
Ampliiura squawata ; these 
do not undergo metamor- 
phosis. Most pass through 
the Platens larval stage, 
e.g., Ophioglypha Lyin., 
( Ophiolepis ) ciliata with 
larval stage Pluteas 
paradoxus. 



Fig. 238 . — Ophiotkru fragihg The ends of the rays Fam. Ophiurid®. With 

have been removed. GS , Slits of the genital . u ui _ i 

. ~ . <*11111)10 unbianched arms, aiwl 

pouches ; AT, masticatory ossicles. . 1 * 

with ventral plates to the 

ambulacral groove. They are divided into special genera according to 
the peculiar charactei of the dermal covering and of the buccal armatuie. 
Oplnotlirix Mull. Tr. The hack is piovided with granules, hairs, or spicules. 
The lateral plates of the arms bear spicules. Oph. j myths O. Fr. Muller. 
Opliiura Lam. ( Ophioderma ). Two pairs of genital slits in each interbrachial 
space. 0 . lonyicauda Link., Ophwlepis Liitk., Ampin ura Forb. 

Fam. Eury&lidffi. Mostly with branched arms ^ Inch can be curved towards 
the mouth and are without plates ; the ventral groove closed with soft skin. 
Astrophyton verntcoxum Lam., Indian Ocean. ,1. arhorescens Rond., Mediter- 
ranean. A&teronyx Loceni Midi. Tr. 

CLASS III. — E CH I NOIDEA,* SEA-URCHINS. 


Spherical, heart-shaped , or disc-shaped Echinoderms with immovable 
skeleton composed of calcareous plates . The skeleton encloses the body 

* Besides the works of J. Th. Klein, compare E. Desor, “ Synopsis des 
Echinides fossiles,” 1854 to 1858. 8. Lov6n, “Etudes sur les Echinoid^es,” 

Stockholm 1874. Al. Agassiz, “Revision of the Echini,” Cambridge, 1872- 
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after the manner of a shell, and carries movable spines . There is 
invariably a mouth and anus, and locomotive and often respiratory 
ambulacral appendages . 

The dermal skeletal plates are connected together so as to form a 
firm immovable shell, which has no arm-like prolongations in the 
direction of the rays, and is sometimes regularly radial, sometimes 
irregular or symmetrical. With some rare exceptions among the 
fossil Perischcechinidce, as Lepidocentrus, the calcareous plates are 
firmly connected with one another by sutures, and are usually 
arranged in twenty meridional rows. These rows (fig. 206) are 
disposed in pairs, and correspond alternately with the radii and the 
inter-radii. The five radial pairs are the ambulacral plates, and are 
pierced by rows of fine pores for the exit of tube feet (fig. 212, P), 
and bear, as do the broad interambulacral plates, spherical promi- 
nences and tubercles to which the differently shaped spines are 
movably articulated. The body form of the Sea-urchins, as con- 
trasted with that of the Star-fish, depends upon the meridional 
arrangement of the rows of plates, and, at the same time, on the 
continuity of the interambulacral rows. 

The position of the nerves and ambulacral vascular trunks beneath 
the skeleton is the special characteristic of the internal organization. 
Pedicellariai are found between the spicules, and are especially 
numerous in the region of the mouth. Some Cidaridea are provided 
with branched respiratory tubes. The genital pores are disposed 
inter-radially on the genital plates near the apical pole. One of 
these genital plates is, as a rule, also the madreporic plate. The 
ocular plates, which are radial in position, are also pierced (figs. 206, 
212). The regular Sea-urchins are often symmetrical, one radius 
being longer or shorter than the others, which are equal to each 
other. So we find long oval forms which are laterally symmetrical, 
having the mouth and anus central, and an anterior unpaired radius 
( Acrocladia , Echinometra ). In the irregular Sea-urchins the anus is 
thrust away from the apical pole into the unpaired radius ( Clypea - 
strides). The mouth also often has an eccentric position in front 
(Spatangidce, fig. 208), in which case the masticatory apparatus is 
always wanting. 

In many regular forms all the ambulacral feet have the same 
shape, and are provided with a suctorial disc supported by calcareous 
bodies; in others the dorsal feet are unprovided with a disc, and 
are pointed and often have an indented edge. In addition to the 
ambulacral feet, the irregular Sea-urchins almost all possess ambu- 
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lacral branchiae upon a rosette formed of large pores on the dorsal 
surface (fig. 239). The locomotive feet are very small in Clypeastridce, 
and are distributed either over the whole surface of the ambulacra, 
or are confined to branching rows upon the ventral surface. In 
the Spatanyidce there are peculiar bands upon the upper surface, 

the fa8ciole8 or semita » (fig. 239), 
upon which, in place of the spicules, 
knobbed bristles with active cilia 
( clavulce ) are distributed. Develop- 
ment takes place with a Pluteus larval 
stage, in whicli the larva is provided 
with ciliated epaulettes or with an 
apical rod. 

The Sea-urchins live, as a rule, 
near the coast, and feed on molluscs, 
small marine animals, and Fuci. 
Some species of Echinus have the 
power of boring holes in the rocks 
in which they live. We find many 
fossil shells, especially in the chalk. 

Order 1. — Cidaride a = Regular Sea-urchins. 

Echinoidea with central moutli and equal band-like ambulacra ; 
with teeth and masticatory apparatus ; with sub-central anus in the 
apical space. 

Fam. Cidaridffl. With very narrow ambulacral and broad interambulaoral 
areas, on both of which are large perforated tubercles and club-shaped spines. 
There arc no oral branchiae. Cidaris met id aria Lam., Phgllaeanthns imperial is 
Lam.. East Indies. 

Fam. Echinidae. Sea-urchins. The pores are grouped in transverse rows ; 
there is a round, thin shell, broad ambulacral spaces bearing tubercles and spines, 
which are mostly short and pear-shaped. Oral branchiae are present. To.rop - 
nenstex rariegatux , Lam.. Echinus melo Lam., Strong glo rent rot ux liridvs Brit. 
saxatilis Lin., Mediterranean. 

Fam. Echinometridee. With long oval shell, imperforate tubercles and 
oral branchiae. Echinometra oblong a Blainv., Podophora atrata, Brdt., 
Acrocladia trig maria Ag., Pacific. 



A 


FlG. 239. — Brimtopsw lyrifera with 
the fascioles or Semites surround- 
ing the rosette. A , anus. 


Order 2. — Clypeastridea. 

Irregular Echinoidea compressed into the form of a shield . Mouth 
central and furnished with masticatory apparatus. Very broad ambu- 
lacra , , fire-leaved ambulacral rosette round the apical pole , and very 
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small tube feet. Five genital pores in the region of the madreporic 
plate. 

Fam. Clypeastrid®. The edge of the disc without indentations, Chjpeaxter 
rvsacens Lam. (fig. 207), Ech i u nct/a mvs jm 8 i Hits O. F. Miiller, Mediterranean. 

Fam. ScutelHd®. Flattened EcJiinoidea with a shell often lobed or per- 
forated, with rows of pores for the ambulacral feet. Lobopbora hi fora Ag., 
Rotuhi Ruuiphii Klein, Africa. 

Order 3. — Spatangidea. 

Irregular Echinoidea of a more or less heart-shaped form , with 
eccentric mouth and anus. There are no teeth or masticatory apparatus , 
and there is usually a four-leaved ambulacral rosette and four genital 
plates. 

As a rule there are Semite? and four genital pores, but the number 
of the latter may be reduced to three and two. 

Fam. Spatangid®. Spatamjvs purpureas 0. Fr. Miill., Mediterranean : 
Schizaster canal if erics Ag., lirissus Klein. 

CLASS IV.— HOLOTIIUKOIDEA* 

Wormlike elongated Echinoderms with a leathery body wall , with 
contractile tentacles sit wounding the mouth ; anus terminal. 

The Ilolothuria approach the worms in possessing an elongated 
cylindrical shape and a bilateral symmetry, which is expressed in 
many ways. In particular they possess so striking a resemblance, so 
far as their exterior is concerned, to many Gephyrea that formerly 
they were included in the same group. The body-covering never 
consists of a firm calcareous shell like that which we find in other 
Echinoderms, but always remains soft and leathery, the calcareous 
matter being confined to a few isolated particles of definite form. 
In rare cases ( Cuvieria ), scales are present in the dorsal skin. 
These are arranged like the slates on a roof, and may even take the 
form of spicule-like appendages ( Echinocucumis ). 

The bilateral symmetry results not only from the existence of un- 
paired organs, but from the contrast which is often very distinctly 
expressed between the dorsal and ventral surfaces. The ambulacral 
feet are not in all cases regularly arranged in the five meridional 

* G. J. Jaeger, “ De Holothuriis,” Dissert, inaug. Turici, 1833. J. F. Brandt. 
“ Prodromus description™ animalium ab H. Mertensio in orbis terrarum 
circumnavigatione observatorum,” Fasc. I. Petropoli. 1835. J. Muller, ‘‘ Ueber 
Synapta digitata und iiber die Erzeugung von Schnecken in Holothurien,” 
Berlin, 1852. A. Baur, “ Beitrage zur Naturgeschichtc der Synapta digitata,” 
Dresden, 1804. 0. Semper, ** Keisen im Archipel der Philippines” Tom I.. 

Leipzig, 1868. 
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rows from the oral to the anal pole, but may be principally or 
altogether confined to the three rays of the so-called trivium. In 
this latter case the Holothurid moves upon a more or less foot-like 
ventral surface. The ambulacral feet may also be distributed uni- 
formly over the surface of the body, especially on the ventral side. 
As a rule, the tube-feet have a cylindrical shape, and terminate with 
a suctorial disc : in other cases they are conical, and the suctorial 
disc is absent. The tentacles, which are in communication with the 
water-vascular system, and represent specially modified ambulacral 
appendages, are simple or pennate, or even dendritic (Dendrochirota) 
or shield-shaped ( A&pidochirota ), that is, provided with a disc, which 

is often divided into many parts. 
In cei tain genera ( Synapta ), the 
ambulacral feet are altogether 
wanting, and the tentacles re- 
main as the sole appendages of 
the ambulacral system (fig. 240). 
Locomotion is effected by the 
strongly developed dermal mus- 
cular system, the longitudinal 
fibres of which are attached to 
the calcareous ring surrounding 
the oesophagus. It is charac- 
teristic of the water- vascular 
system that the stone canal, 
which is usually simple, hangs 
freely in the body cavity, ending 
in a calcareous framework com- 
parable to the madreporic plate. 
Fig. 240 .—Synapta inharen * (after Quatre- The respiratory trees at the end 

fa « es) - Mouth ; A - auus • the mtebtine of the intestine perform the f unc- 

can be Keen tlirough the skin. /• 

tion of respiration, while certain 
• glandular appendages (organs of Cuvier), which open into the rectum, 
may be regarded as excretory organs : these, as well as the respiratory 
trees, may be wanting. The generative organs consist of a bundle of 
branched tubes, the duct of which opens on the dorsal surface in the 
region of the mouth. The genus Synapta is hermaphrodite. The 
development is in many Holothurians direct (as e.g. in Holotlmria 
trernula according to Koren and Danielssen) ; where there is a com- 
plicated metamorphosis, the larvae have the Auricularia form, and 
pass through a barrel- sliaped pupa stage. 
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The Holothurians are partly nocturnal in their habits, and live at 
the bottom of the sea, for the most part in shallow places near the 
coast, where they crawl slowly upon the bottom. The Synaptidce, 
which have no feet, burrow in the sand. They feed on the smaller 
marine animals, which, in the Dendrochirota , are carried to the 
mouth by means of the branched, tree- like tentacles. The Aspido- 
chirota fill their intestine with sand, which they eject from the anus 
by means of the current of water from the respiratory trees. It is 
worthy of notice that they (especially the A spidochirota) can eject 
through the anal opening the intestine, which breaks off easily 
behind the vascular ring, and are able to renew it. The Synapta , 
when irritated, are able to break their body into several pieces by 
violent muscular contractions. 

Order 1. — Pedata. 

Numerous ambulacra l feet , which are sometimes arranged regularly 
in the meridians , and sometimes distributed over the whole surface . 

Fam. Aspidochirot®. With shield-shaped tentacles. Jlolothuria L . With 
scattered ambulacral feet, which arc conical on the dorsal side, and are without 
suckers. II. tuhuloxa Gmel.. Adriatic and Mediterranean ; II. edulix Less., 
the edible Trepang of the East Indian seas. 

Fam. Dendrochirot®. With tree-like branched tentacles. Cv mm aria 
Blainv. Ambulacral feet arranged in regular row s. C. froiul am Gr. Psolvs 
Ok on. Ambulacral feet confined to the foot-like ventral surface of the trivium. 
Ps. pliantapux. Gr. 

Order 2. — Apoda. 

No ambulacral feet ; as a rule without respiratory trees ; the tentacles 
are usually branched or pinnate . 

Fam. Synaptid®. Hermaphrodite and without respiratory trees. In the 
skin there are wheel-shaped calcareous bodies or projecting masses shaped like 
anchors, and affixed to calcareous plates. Synapta dig it at a Mntg. with anchor- 
shaped calcareous bodies. J. Miiller discovered in their bodies }>arasitic cylin- 
drical animals with spermatozoa and ova, which latter develop into small 
shell-bearing Gastropods QEntoconrfta mirabiliii). Ch irodota Esch. Skin beset 
with rows of small tubercles bearing calcareous wheel-shaped bodies. The 
genus Molpadia Cuv. is furnished with respiratory trees. 


ENTEROPNEUSTA. 

The remarkable genus Balanoglossus must be placed here. It is 
the representative of a class, Enteropneusta Gegenb.,* allied to the 
Echinodermata , but usually classed with the Vermes , and presenting 

* A. Kowalevski. u Anatomie des Jialanogloxsvx Delle Ohiaje,” Memoirex do 
VAcad . imper. das Science* de St. Peterxbourg , Tom X., No. 3, 1806. L. Agassiz, 
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an affinity to the Tunica ta by the mode of respiration. This in- 
teresting worm was discovered by Delle Chiaje, and its organization 
and development have been recently investigated by Al. Agassiz and 
Kowalevski [more lecently by Bateson, Q. Mic. Sci. 1884] (fig. 241). 

The most inte- 
resting point about 
this form is the 
structui e of its 
larva, which i enders 
its relationship to 
the Echinodermata 
piobable. The larva 
was described by J. 
Muller as Tornaria , 
and was regarded 
by him as an Echi- 
noderm larva. It 

Fig 241 — Younff Balunoqlo**"*, stiongh magnified , Pro does in fact possess 
bo^cis, the numeiouH branchial slits ate visible * ’ 

a double band of 



cilia, like Bijnnvaria. Of these two rows of cilia, one, the pneoral, 
forms a ling round the prae-oral lobe, while the other is largei 
and runs in a more longitudinal direction so as almost to join the 



a /\ 


Fig 242, a, l — Tnrtun nr larva (after E Metschnikoff) a, Seen 
from the side, b tiom the dorsal suiface O, mouth , A, 
anus, S, apex, W, mdiment of vvutei vasculai system, C, 
heart , P, P\ peritoneal sacs 


formei near the 
apical pole. There 
is also a transverse 
pife-anal ring of 
cilia (fig 242, a, b). 
Internally a diverti- 
culum of the ar- 
chentei on gives rise 
to an independent 
sac foiming the 
wa t ei -vascular sys- 
tem, while two 
paiis of diverticula 
furnish the first 
rudiments of the 


body cavity. A pulsating heart is developed from a thickening of 


‘The History of Ealanoglossus and Toinana,” Menton-* of thf American 
Acad nn if of Arts and Sennets, Vol. IX., 1873. E. MetsHiniLoft. Zntschr 
f. vcuAtnwh. Zoo!,, Tom XX.. 1870 
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the ectoderm, and sinks into a depression of the water vascular 
vesicle. At the apical pole there is a thickening of the ectoderm 
resembling the apical plate of the larval Worms and containing two 
eye-spots. 

The development of the larva into the adult Balanoglossus was 
first traced by E. Metschnikoff and then by A. Agassiz. The band of 
cilia gradually disappears, the pne-oral part of the larva becomes the 
proboscis, while the oral portion gives rise to the collar. The trunk 
is formed from the posterior elongated portion on which the posterior 

transverse ciliated band still persists. The 

§ anterior portion of the alimentary canal 
becomes pierced by paired branchial slits 

proi acting like a _ „ 

r ° e Fig. 244. — Stage in the conver- 

Fig. 243. — Stage m the con- bead. This is fol- sion of Tornunu into Bulano- 
version of Tornunu into Bala- lowed by a inilSCU- with four pairs of 

noglotsu*, with one pair of . „ J _ branchial slits (after Al. 

hra'n'Yhmi sht H Utter TC. Mu. ml* Collar. -TObte- Agassiz). Letters as m figs. 

242, 243. 


Fig. 243.— Stage in the con- j-h nmiui- sum oi xornanu mro jsuumo- 

veision of Tornunu into Balu- lowed by a inilSCU- ffl°** u ** with four pairs of 
noglotsu*, with one T iair of . „ J _ branchial slits (after Al. 

branchial slits (alter E. Met- lar coJlar * EObte- Agassiz). Letters as m figs, 
schnikoff), seen from the side. r j or to the Collar 242> 243> 

JBo, external branchial open- . . , . . , , . , 

ing, p, peritoneal sac ; Vc, there is a longer portion of the body, the 

circular vessel ; o, mouth ; c, branchial region, which may be divided into 

X16dJ!wt 

a median distinctly ringed part (branchiae) 
and two lobed lateral portions usually tilled with yellow glands. At 
the boundary, between the median portion and the two lateral lobes, 
there are on either side rows of openings which berve for the exit 
of the water from the branchial chamber. Then follows a third 
division of the body, the gastric region, upon the upper side of 
which there are four rows of yellow glands (generative glands). 
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Between these, brownish-green prominences are visible (the hepatic 
appendages of the intestine), which, towards the posterior extremity 
where the yellow glands disappear, are larger and more closely 
aggregated. Finally there follows a distinctly ringed caudal region, 
at the hind end of which is the anus. 

The contractile proboscis serves not only as a siphon to maintain 
respiration, but also as a locomotory organ. It projects above the 
level of the mud in which the animal is buried, and is said to take in 
water by a terminal aperture (the existence of this opening has been 
recently disputed) [and to pass it out into the mouth through a pore 
at its base]. 

The mouth lies behind the anterior margin of the so-called collar, 
and leads into a buccal cavity, the walls of which contain a great 
number of unicellular mucous glands. The portion of the alimen- 
tary canal which follows the buccal cavity hears the branchial frame- 
work, and is divided into a dorsal and ventral part by two longitudinal 
folds, so that it almost presents in transverse section the appearance 
of a figure of 8. The intestine does not hang freely in the body 
cavity, but, except in the region of the tail, is fastened to the body 
wall by connective tissue; it is, however, always very closely attached 
in the two median lines. Beneath the dorsal and ventral median 
lines, where the two principal vascular trunks are visible through the 
skin, two grooves, beset with strong cilia, run along the whole length 
of the intestine. From these grooves secondary grooves are given off, 
and as it were divide the whole surface of the intestine into islands. 
Some distance behind the branchial region, on the upper side of the 
intestine, the peculiar cell masses begin, which gradually assume the 
form of sac-like diverticula with ciliated internal walls. These 
“ hepatic appendages ” are either disposed in a simple row along each 
side (£. minutus Kow.), or densely aggregated together (B. clavigerus 
Delle Ch.) 

The branchial basket-work which is placed at the commencement 
of the alimentary canal projects on the anterior flattened part of the 
body in the form of a transversely ringed longitudinal fold, and con- 
tains a system of chitinous plates, which constitute its framework and 
are connected in a peculiar manner by transverse rods. The water 
taken in through the mouth passes through special openings in the 
wall of the anterior portion of the alimentary canal into the ciliated 
branchial spaces, to issue thence through the two rows of lateral 
pores on the dorsal surface of the branchial region. 

The vascular system consists of two median longitudinal trunks, 
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which give off numerous transverse branches to the walls of the 
intestine and body, and of two lateral trunks. The branchiae receive 
their rich vascular supply entirely from the lower trunk. The upper 
trunk, in which the blood flows from behind forwards, divides at the 
posterior end of the branchiae into four branches, of which the two 
lateral ones pass to the lateral portions of the anterior part of the 
body. 

Certain fibrous cords, running directly beneath the epidermis in the 
dorsal and ventral median lines and branching into a net-work of line 
fibrillar have lately been interpreted as nervous centres. These cords 
are described as being connected at the posterior end of the collar by 
a ring-like commissure. 

The generative organs are arranged in single rows in the branchial 
region, but posterior to this in double rows. During the breeding 
season they are extraordinarily developed, and the male and female 
can be easily distinguished by the difference in their colour. Each 
ovum is contained in a capsule, which is provided with nuclei, but is 
otherwise homogeneous. The eggs are probably laid in strings like 
those of Nemertines. 

These animals live in fine sand. They saturate the sand in their 
immediate vicinity with mucous. They fill their alimentary canal 
with sand, and move themselves by means of their proboscis, which, 
alternately elongating and retracting, draws the body after it. 
Both the species named were found in the Gulf of Naples. A third 
northern species of Balanoglossus was discovered by Willemoes-Suhm, 
and described as B. Kupfferi . ' 


CHAPTER IX. 

Vermes. 

Bilateral animals with unsegmented or uniformly (Jtomonomous) 
segmented body. There are no segmented lateral appendages. A 
dermal muscular system and paired excretory canals {urnter -vascular 
system) are present . 

Since the time of Cuvier, a number of groups of animals all 
characterised by the possession of an elongated laterally symmetrical 
body and by the absence of articulated limbs have been classed 
together as Vermes. This group includes such a variety of forms 
that attempts have already been made to break it up, and it will 
perhaps be necessary at some future time to separate the unseg- 
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mented from the segmented forms, under the respective heads of 
Vermes and Annelida . 

The form of the body, which is soft and adapted to live in damp 
media, is usually elongated, flat, or cylindrical, sometimes without 
rings, sometimes ringed, and sometimes divided into segments (meta- 
meres). In every case we can distinguish a ventral and a dorsal 
surface. It is on the tirst that the animal moves or attaches itself 


to foreign objects. The mouth is usually placed ventrally at the 
end of the body which is directed forward in locomotion. The con- 
trast between the flat, shorter form of body and the cylindrical and 
elongated seems, especially in the ease of the non-segmented worms 
(Vermes s. str.), to be of importance, so that on this ground we can 
establish the classes of Platyhelminihes or flat worms, and of 
N emathelminthes or round worms. The segmented worms (Annelida) 

possess a ventral chain of ganglia 
in addition to the brain, and a 
T ft segmentation of the organs which 

corresponds more or less with 
AGgSgHA the external segmentation. The 

" 1 **•>* portions of the body which are 

^ primitively alike and are known 

Z /f as segments or metameres do 
n °k by any means always re- 
main homonomous. In the 
most highly developed segmented 
worms, the two anterior seg- 
ments unite to form a division 
tt ! ^ 4 . • „ * - of the body which foreshadows 

Fig. 24o. Head and anterior segments of J 

Eunice seen from the dorsal surface. T t the head of the ArtJcropoda y and, 

Tentacles or antennte of the prBestomium ; V1 ,, ,. x . . ,, 

C f , tentacular erri; r, cirri of the hke the pierced by the 

parapodia; Br, hranciiini appendages mouth, contains the brain, and 
of the parapodia. , ,, 

bears the sense organs (hg. 245). 
In the succeeding metameres there are also frequently variations of 
form which disturb the homonomy. 

The skin of worms presents very different degrees of consistence, 
and covers a strongly developed muscular system. In the skin we 
can distinguish a layer of cells (hypodermic) or. at any rate, a 
nucleated layer of protoplasm which functions as a matrix, and a 
superficial homogeneous cuticular layer which is secreted by the first- 
named layer or matrix and in the lower worms is extremely thin and 
delicate. In the N e math elminth es it is often laminated, and can 
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even be separated into several layers. It is of considerable thickness 
in many Annelida ( Chcetopoda ), and may be perf orated by pores. Cilia 
are found principally in the larval stages of Platyhehninthes and 
Annelida . Where there are no cilia, the superficial cuticular mem- 
brane, which may project in the form of tubercles or spines, consists 
of a substance allied to the chitin of the Arthropod skin, like which it 
may bear cuticular formations of many kinds, such as hairs, bristles, 
hooks, etc. In many N emathelminthes , as well as in segmented 
worms, this thick cuticula gives rise to a kind of exo- skeleton, which 
opposes the contractions of the dermal muscular envelope. In the 
Chcetopoda among the Annelida , but also in the Rotifera, the tough 
integument is divided into a number of sections lying one behind the 
other. These, like the segments of Arthropoda, are connected by 
soft portions of skin and moved by the dermal muscles, which are 
divided into corresponding groups. The cutaneous segments of the 
Rotifera are not true metameres, since there is no segmentation of 
the internal organs. 

Cutaneous glands are very widely distributed ; they are sometimes 
unicellular, sometimes poly cellular, and are sometimes situated 
directly beneath the epidermis, sometimes in the deeper tissues of 
the body. 

The tissue which lies beneatli the liypodermis, and which we may 
call the cutis, contains in all cases longitudinal and in some cases 
also circular muscles, and so constitutes a muscular cutaneous envelope , 
the principal locomotory organ of worms. Taking into consideration 
the importance of this dermal muscular system in the locomotion of 
worms, we must attribute a certain systematic value to the special 
forms which it assumes, a value which, however, we must be careful 
not to exaggerate. The strati ficat ion and the direction of the fibres 
of this dermal muscular system is most complicated in the Platyhel- 
minthes and in the Hirudinea amongst the Chcetopoda , for here we 
find the circular and longitudinal muscles, which are embedded in a 
basis of connective tissue, crossed by muscle fibres, which run in a 
dorso-ventral direction (sometimes also by fibres running obliquely). 
To these may be added groups of muscular fibres, which serve to 
attach the internal organs to the integument. The suckers of the 
parasitic worms, the pits and the parapodia with their setse of 
Climtopoda , must be looked upon as special differentiations of the dermo- 
muscular envelope. These aids to locomotion are mostly developed 
upon the ventral surface. The suckers and their accessory hooks, 
©tc., are situated either near the two ends or in the middle of the 

20 
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body ; the parapodia are distributed in pairs on the individual seg- 
ments along the whole length of the body, and belong to the dorsal as 
well as to the ventral surface, so that each segment bears a dorsal and 
a ventral pair of parapodia. 

The internal organization of Worms is extraordinarily various. 
In those Hat and round worms which live in the chyme or the other 
organic juices of the higher animals, as, for instance, the Cestoda and 
the A canth ocephala, the whole of the digestive apparatus, including 
the mouth and anus, may be wanting ; the nutrition in such cases 
taking place by osmosis through the body- wall. When the alimen- 
tary canal is present, the mouth is usually situated ventraUy in the 
anterior region of the body, while the anus is placed either terminally 
at the posterior end of the body, or near it on the dorsal surface. 
The alimentary canal is generally simple, and is only exceptionally 
divided into numerous portions corresponding to the special functions. 
A muscular pharynx can most often he distinguished, also a well 
developed stomach and a short rectum opening at the anus. 

The nervous system appears in its most simple form as an unpaired 
ganglion or, when the two parts of which it is composed are 
separated, as a pair of ganglia (fig. 76), which are placed near the 
anterior pole of the body above the oesophagus and genetically may be 
referred to t he apical plate of Loven’s Cha*topod larva. The nervous 
system has more rarely the form of a nerve ring surrounding the 
oesophagus and connected with groups of ganglion cells ( Nenuvtoda ). 
The nerves given off from the supra-oesophageal ganglion are distri- 
buted symmetrically forwards and laterally ; they supply the sense 
organs, and form two strong lateral nervous trunks, which run back- 
wards. In still higher types two larger ganglia appear, which are con- 
nected by an inferior commissure ( Nemertinea ). In the Annelids with 
degenerated metameres ( Gephyrea ) there is in addition to the supra- 
oesophageal ganglion (the brain) a vented nerve cord connected with 
the supra-oesophageal ganglion by an oesophageal ring. This nerve 
cord is in all other Annelids divided into a series of paired ganglia, 
which, in most cases, correspond to the segmentation. The lateral 
nerve trunks approach each other in the middle line below the ali- 
mentary canal, and constitute, together with their ganglia, which are 
connected together by transverse commissures, a ventral chain of 
ganglia, which is connected with the brain by the circum-oesophageal 
commissures, and is continued to the hind end of the body, giving off 
in its course paired nerves to the right and left. 

The sense organs are represented by eyes, auditory apparatus, and 
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tactile organs. The latter are joined to nervous expansions and 
special integumentary appendages (tactile hairs), and are present 
even in the parasitic Worms as papillae of the outer skin connected 
with nerves. In the free-living worms, these tactile organs fre- 
quently take the form of filiform, tentacle-like appendages on the 
head and segments (cirri). Auditory organs are not so generally 
present, and are represented by auditory vesicles (otocysts) either 
lying on the brain (some Turbellaria and Nemertinea ), or on the 
oesophageal ring (certain branchiate Worms among the Annelida). 
The organs of sight are simple pigment spots in connection with 
nerves ( eye-spots ), and may be provided with refractive bodies. The 
ciliated pits of the Nemertinea have been regarded as organs of smell. 
The cup-shaped organs of the Ilirudinea and Gephyrea are also sense 


organs. 

A blood vascular 

i KSrs 

Plat yheh ninth es with 
the exception of the 

Nemertinea . In j|3^ 

these cases, the nu- 
tritive fluid passes 

endosmotically into N 

the body parenchyma Ftg 246 .- Section through a body segment of Eunice. Br, 
or into the body eavi- ()f brlsUc8 mtPbUne . N , nervous system, 
ty, and ]>enetrates the 

tissues as a clear chyle, sometimes containing cellular elements. In the 
Nemertinea a blood vtiscular system is present, as also in the Gephyrea 
and A nnelida. In the latter it obtains the highest development, and 
may have the form of a completely closed vascular system provided 
with pulsating trunks. In most cases a dorsal contractile longitudinal 
trunk and a ventral vessel can be distinguished ; the two being 
connected in each segment by arched transverse vessels, which aie 
sometimes pulsatile. Where a vascular system is present, the blood 
does not always appear clear and colourless like the fluids of the 
body cavity, but sometimes lias a yellow, greenish, or more frequently 
red colour, which is in some cases connected with the presence of 
blood corpuscles. 

The function of respiration is usually performed by the general 
external surface of the body. Among the Annelida , however, we 
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find in the large marine Chcetopoda filiform or branched gills, which 
are usually appendages of the parapodia (fig. 246). A respiratory 
function may also be attributed to the tentacles of the Gephyrea. 

The excretory organs are represented by the so-called water-vas- 
cular system, which consists of canals of different sizes, symmetrically 
arranged and filled with a watery fluid in which granules are sus- 
pended ; they communicate with the exterior through one or more 
openings. The canals begin either as small passages in the tissues of 
the body, or free funnel-shaped openings in the body cavity. In 
the last case, they may subserve other functions ; for example, they 
may conduct the generative products out of the body cavity. In the 
segmented Vermes they are paired, and are repeated in each segment 
as nephrklia or segmental organs (fig. 70). A different arrangement 
is presented by the two lateral canals of the Xematoda , which lie in 
the so-called lateral lines or areas, and open by a common excretory 
pore in the region of the pharynx. 

In addition to sexual reproduction an asexual multiplication by 
means of gemmation and fission (rarely by formation of germinal 
cells) is widely distributed, especially among the lower forms. 
This asexual reproduction is, however, frequently confined to the 
larva*, which differ from the sexually mature animal in form and 
habitation, and play the part of an asexual generation in the cycle 
of development. Almost all the Rlatyhel minthes and numerous 
Annelida are hermaphrodite ; the Xemathelminthes, the Gephyrea , and 
Rotifer a, and also the branchiate Annelids are of separate sexes. 
Many Worms pass through a metamorphosis ; the larva* are charac- 
terised by the possession of a prteoral ring of cilia (Loven’s larva), 
or of several rings of cilia. In the Cestoda and Trematoda , which 
possess in their embryonic stage the capability of asexual reproduc- 
tion, the metamorphosis assumes the form of a more or less com- 
plicated alternation of generations which is often characterised 
by the difference in the habitat of the two successive stages 
of development and by the alternation of a parasitic and free 
life. 

The vital activity of the Worms is in general of a low order, 
corresponding with their habitat. Many of them (Entozoa) live as 
parasites in the interior of the organs of other animals, some as 
ectoparasites on the external surface of the body, and feed on the 
juices of their hosts. Others live free in damp earth, or in mud ; 
others, and these are the most highly organized forms, inhabit fresh 
and salt water. 
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CLASS I.— PLATYHELMINTHES. 

Vermes with a flat , more or less elongated body , with cerebral gan- 
glion . They are often provided with suckers and hooks , and are immlly 
hermaphrodite . 

The series of forms included under this class are mostly Entozoa , 
or else live in the mud and beneath stones in the water. In their 
organization they occupy the lowest place among the worms. Their 
body is more or less flattened, and is either unsegmented or is divided 
by transverse constrictions into a number of successive divisions, 
which, although forming parts of one animal, yet have a strong 
tendency towards individualisation, and frequently attain to separa- 
tion and lead an independent life. These segments are products of 
growth in the direction of the long axis of the body, and stand in a 
special relation to reproduction. They are by no means to be con- 
sidered as necessarily indicating a high grade of organization, as does 
the segmentation of the Annelida, The alimentary canal may be 
altogether wanting ( Cestoda ), or, if present, may be without an anus 
( Trematoda , Turbellaria), The nervous system is usually composed of a 
double ganglion above the (esophagus, giving off small nerves anteriorly 
and laterally, and two stems backwards. In many Platyhelminthes 
simple eye-spots occur, either with or without refractive bodies, and 
more rarely there is an .auditory vesicle. Blood-vessels and organs 
of respiration are found only in the Xemertinea. The excretory 
(water vascular) system is everywhere developed. With the excep- 
tion of the Microstomidw and Xemertinea , hermaphroditism is the 
rule. The female generative glands consist of distinct yolk-glands 
and ovaries. The development very frequently takes phice by a very 
complicated process of metamorphosis connected with alternation of 
generations. 


Order 1. — Turbellaria.* 

Free living Platyhelminthes 'with oval or leaf shaped body , with 
soft skin covered with cilia. They possess a month and aproctous 

* DugZs, *• Rechorches sur l’onjamsation ct lcs moeurs do Planaires,” Ann . 
dr* Sr. Nat., Ser. 1., Tom XV. A. S. Oerstedt, “Entwurf einer systematischen 
Eintheilung und speoiellen Beschroibung dor Platt wUrmern.” Copenhagen, 
1844. I)e Quatrefages. Memoiro sur quelqucs Planarizes man lies,” Ann. ties 
Sc. Wat., 1845. M. Sehnltze. “ Beitriige zur Naturgesehi elite der Tnrbellarien.” 
Greifswald, 1851. L. Graff, “Zur Kenntniss der Turbellarien,” ZHUchriff fur 
I I'm. Zool., Tom XXIV. L. Graff, “Neue Mittheilungen liber Turbellarien.” 
Zeitsrh. f. wiss. Zool.. xxv., 1875. P. Hallez, ‘'Contributions a l’histoire 
naturelle des Turbellaries,” Lille, 1879. 
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alimentary canal . Hooks and suckers are absent. A cerebral ganglion 
is 'present. 

The Turbellaria usually possess an oval flattened body, and reach 
only a small size. The uniform ciliation of the body is connected 
with their existence in fresh and salt water, beneath stones, in mud, 
and even in damp earth. Only in exceptional cases do we meet 
with apparatuses for adhering, viz., small hooks and suckers. 

The skin consists of a single layer of cells, or of a finely granular 

layer containing nuclei, which is sup- 
ported by a stratified basal membrane, 
and covered externally by a special 
homogeneous membrane bearing cilia 
and comparable to a cuticula. Peculiar 
integumentary structures, which have 
the form of rods or spindles, and, like 
the nematocysts in Ctdmterata , take 
their origin in cells, are not unfre- 
quently present. Various pigments are 
also often found embedded in the epi- 
dermis, and of these pigments the green- 
coloured vesicles, in Vortex viridis for 
example, which are identical with chlo- 
rophyl corpuscles, are specially worthy 
of remark. Pear-shaped mucous glands 
are also present. Beneath the conspicu- 
ous basement membrane 'which supports 
the epidermis lies the dermis. It con- 
tains the strongly developed dermal 
muscular system embedded in a connec- 
tive tissue layer formed of round, often 
branched cells. A l>ody cavity between 

vous system Oi M<*o*tomnm Mr<n- the b °dy wall and the alimentary canal, 

b<rqi> (after Graff), a, the two as a rule, absent ; it may, however, 

cerebral ganglia with two eye . . 

spots, st, the two lateral nerve m many cases be recognised as a system 

trunks ; i), alimentary canal with of lacunse or as a continuous cavity 
mouth and pharynx. # J 

surrounding the alimentary canal. 

The nervous system consists of two ganglia connected by a com- 
missure, and giving off nerve fibres in various directions ; of these, 
two especially large lateral trunks run backwards, one on either side 
(fig. 247). The latter are connected at regular intervals by delicate 
transverse trunks. In a number of dendroccelous Turbellarians a 
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diverticulum of the stomach runs forward above the transverse 
commissure in a groove between the two cerebral lobes ( Leptoplana ). 
In some genera of Planar ia as, a ring-shaped double commissure has 
been shown to exist in the brain ( Polycelis ), and ganglion-like 
swellings, from which nerves are given off, have been observed on 
the lateral nerve-trunks (Sphyrocephalus, Polycladvs). 

With regard to sense organs, eye spots are tolerably widely distri- 
buted among the Turbellaria. They either lie in 
pairs upon the cerebral ganglia or are connected 
with short nerves given off from the latter. More 0 

frequently two larger eyes with refractive struc- 
tures are developed. Otocysts are but rarely g/r.' 
present, e.y., in MonoceUs among the Phabdocmla 
a single one is present lying upon the cerebral 
ganglion. The integument is without doubt en_ 

(lowed with a highly developed tactile sense ; the ; - 

large hairs and stiff bristles which project between 

the cilia may possibly be of importance in this 

relation. Lateral ciliated pits, which may also be 

explained as sense organs, are in rare cases present 

at »the anterior end of the body (compare the I 

Mouth and digestive apparatus are never wanting^ 
but the former is frequently removed from the 
ventral surface of the anterior end of the body to 
the middle or, indeed, even to the posterior region. 

According to Metsclinikoff and Ulianin, a stomach 

may in some cases be absent ( Convolnta , Schizo- 

prora ), and be rephxced, as in Infusoria , by a soft 

internal parenchyma. The mouth leads into a 

muscular pharynx, which can usually be protruded fig. Micros 

after the manner of a proboscis. The alimentary Graff ^^'o^chain 

canal, of which the internal wall is frequently produced by fi*- 

ciliated, is either forked and then simple or opening’ mouth 

branched ( Dendrocvda ), or rod-shaped ( lihahdo - 

coda). An anus is never present. A peculiar tube capable of being 

evaginated as a proboscis, and without connection with the pharynx 

is sometimes also present ( Prostomum ). 

The excretory (water- vascular) system consists of two transparent 
lateral trunks and innumerable side branches, which begin with 
closed ciliated funnels, and are furnished with vibratile cilia, which 
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project here and there freely into the vessels. As a rule, several 
openings occur on the main trunk of this excretory apparatus. 

Reproduction may take place asexually by transverse fission, e.g., 
Derostomea ( Catenula ) and Microstomea (fig. 248). With the 
exception -of the Microstomea, the Tnrbellaria are hermaphrodite ; 
but steps intermediate between the hermaphrodite and the dioecious 
condition seem by no means to be wanting, for, according to 
Metschnikoff, in Prostomnm lineare the male generative organs 
are sometimes developed, while the female’s remain rudimentary ; 

and sometimes, on the other 
hand, the reverse holds. In 
Acmostomum duecnm also the 
sexe> are separate. In the her- 
maphrodite forms the male sexual 
organs consist of testes, which 
mostly lie as paired tubes at the 
sides of the body, also of vesi- 
culie seminales, and of a protru- 
sible eopulatory organ beset with 
hooks. The female organs con- 
sist of ovaries, yolk glands 
(vitellarium), a receptaculum 
seminis, a vagina, and a uterus 
(fig. 249). The male copula- 
tory organ and the vagina open 
as a rule by a common orifice 
upon the ventral surface. Some- 
times, as in the Rhabdoccele 
genus ifacrostoDi'itm , the vitella- 
rium (yolk gland) and ovary 
are united ; the ova being 
produced at the upper blind end 
of the ovary, and the yolk at the 
lower end of the same gland. In the marine Dendroccela, on the 
other hand, the vitellarium is generally absent. After fertilization, 
a hard, usually reddish-brown shell begins to be formed round the 
ovum. In such cases, the hard -shelled eggs are laid ; but among the 
Rhabdoccela, in Schizostomunn and certain Mesostomea ( J/. Eliren- 
bergii ), transparent eggs furnished with thin, colourless capsules, 
and undergoing development in the body of the parent, are often 
produced. According to Schneider, the production of these thin- 



Fig. 249. — Generative apparatus of Mexogtu- 
mum jEhrnibfrqu (combined from Craff 
and Schneider). S, Pharynx ; Go, sexual 
openings; Or, ovary, Vt , uterus, with 
wmtei eggs , Do, yolk gland ; Dg, dnet 
of yolk gland , T, testis , T r d, \ as deferens , 
P, penis ; R», receptaculum seinim*. 
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shelled or summer eggs invariably precedes that of the hard-shelled 
or winter eggs , and the summer eggs are normally self -fertilized. 

In rare cases the hemaphrodite generative organs present a 
segmentation recalling that of the Cestoda ( Alaurina composite,) . 

The freshwater Tnrbellaria , as well as many of the marine forms, 
undergo a simple direct development, and in the young state are often 
difficult to distinguish from Infusoria . Other marine Denclroccela 
undergo a metamorphosis, the larva? being characterised by the 
possession of finger-shaped ciliated lobes (fig. 251). 

(1) Sub-order : Rhabdocoela. The body is round and more or less 
flat. The intestine is cylindrical, and there is usually a protrusible 
pharynx. They are usually hermaphrodite. 

The Rhabdocoelous Turbellarians are the smallest and most simply 
organised forms. The intestine is cylindrical and elongated, and is 
sometimes provided with lateral diverticula. The position of the 
mouth varies exceedingly, and has been employed as a principal 
characteristic for distinguishing the ■ various families. Sometimes 
salivary glands are present, opening into the pharynx. According 
to Ulianin’s discovery, which lias been several times confirmed, the 
alimentary canal may be wanting in many forms, and be replaced 
by a central cavity, filled with a substance containing numerous 
vacuoles and rich in oil globules ( Convolute , Schizoprora , Nadina ). 
In those Rhabdocala which possess an alimentary canal, interstices 
and spaces in the connective tissue parenchyma are often present : 
these must be related to a body cavity. In some cases (in Prostomnm) 
the body cavity may be recognised as a continuous space filled with 
fluid and surrounding the alimentary canal. The Rhabdocoela live 
on the juices of small worms and of the larva? of Entomostraca and 
Insecta , which they envelop with a cutaneous secretion containing 
small rods, and afterwards suck. They are mostly inhabitants of 
fresh water, and only a few of them are to be met w T ith in the sea 
or upon the land {(xeocentrophora sph yrocephala). 

Fam. Opisthomidae. The mouth is placed at the posterior end of the hotly 
and leads into a tubular pharynx, which can be protruded like a proboscis. 
Motweelu arjilix M. Sch., OpMhouiuin pallid am O. S. 

Fam. Derostomidae. Mouth placed slightly behind the anterior margin ; 
pharynx barrel-shaped. Deroxtom am Schmidt hi hum M. Sell.. Vortex riridix, 
M. Sell., Cat can la lemiue Dug. 

Fam. Mesostomidae. Mouth placed nearly in the middle of the body, 
pharynx ringlike, cylindrical or resembling a sucker. Me tost am u i/i Ehrenberg it 
Oerst., with two eyes. 

Fam. Convolutidae. (-1 cocla,). Without alimentary canal. The ovaries and 
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yolk glands are not separate. Convolnta Oerst. C. pa rad oxa Oerst., North 
Sea, Baltic. Schixoprora O. S. 

Fam. Prostomid©. The mouth, which is situate on the ventral surface, leads 


into a muscular pharynx. At the anterior end there is a protrusible tactile 
proboscis furnished with papilla?. Prostomum Oerst. ( Gy rat or Ehrbg.). P. 
lincare Oerst. With pointed penial spine at the posterior end, imperfectly 
hermaphrodite, living principally in fresh water. Pr. hclgolandieum , Kef., 
com plet ely hermaplin iditc. 

Fam. Microstomid©. llJmhdocccla with separate sexes. The small but very 
extensible mouth lies near the anterior end of the body. There are laterally 



Fio 250. — Anatomy of Polycelw jwfhda (after Quatre- 
fages) O, Cerebral ganglion with the nerves given 


placed ciliated pits near the 
anterior end of the body. 
Formation of metameres 
and transverse fission fre- 
quently occur. Microsto- 
m it m lincare Oerst. (tig. 
24S). 

(2) Sub-order: Den- 
drocoela. The body is 
broad and flat, and the 
lateral margins are often 
plicated. There tire ten- 
tacle-like processes at 
the anterior end. There 
is a branched alimentary 
canal and a muscular 
pharynx which is usu- 
ally protrusible. They 
are, as a rule, herma- 
phrodite. 

The J)endroc<cJa are 
mostly marine, but also 
live in fresh water and 
on land. In their ex- 
ternal appearance they 
resemble the Trema- 


off from it ; O, mouth ; D, branches of intestine ; Ov, 
ova; Od, oviduct; T', vagina, W Gor, female gene- 
rative opening, T , testes; M.Oot , mnle generative 
opening. 


todes, and the branching 
of their straight or 
forked intestine is a 


character common to the larger species of the latter. Compared 
with the Rhabdocmla , they are distinguished by the greater develop- 
ment of their bi-lobed cerebral ganglion, as well as by the greater 
number of their eyes (fig. 250). The rows of papilla?, or the 
tentacle-like processes at the anterior end of the body have 



TUBBELLABIA — DENDBOCCELA.. 


315 



Eic,. 251 Lar\ ,i of Eurylc})ta aun 
cnhitu, after Hall ex 


probably the function of tactile organs. The mouth usually lies 
in the middle of the body, and leads into a wide and protrusible 
pharynx. The skin is often provided with glands, the secretion 
of which in certain land Planaria ( Blpalium , Rhyn chodesmux) 
hardens to a fibrous web. They are almost always hermaphrodite. 
The fresh -water forms possess a common 
generative opening, while in the marine 
forms the generative openings are usu- 
ally separate (fig. 250). In the latter 
case a separate vitellarium is absent. 

In some marine forms development 
takes place with metamorphosis, as is 
shown by the larva discovered by J. 

Muller, which possessed six provisional 
finger-like ciliated lobes (fig. 251). 

In the fresh water Planarians develop- 
ment is direct. The cocoon, when laid, 
contains four to six small eggs. At the 
close of segmentation there is developed 
a layer of cells, which is said to split 

into two layers, an upper or animal layer, from which are derived 
the body wall and muscular system, and a lower or vegetative, from 
which the alimentary canal is formed. The marine Dendroccvla fre- 
quently deposit their eggs in the form of broad bands. 

1. Monogonopora Stimps. J)ev- 
drocala with single sexual opening. 
The land and fresh- water Planaria be- 
long to this group. 

Farm Planariad®. Tlio body is of a long, 
oval, flattened shape, and is often piovided 
with lobed processes, more raiely with ten- 
tacles, and, as a rule, with two eyes, which 
are piovided with lenses. Planaria O. Fi. 
Muller, two eyes, no tentacles. PL torn/. 
M. Seh. (divided by (>. Schmidt into lagvbri^i 
jwhjvhroa. and tan v/) (tig. 252). PL dune a 
(lap., with sepai ate sexes. Dendr ovarium 
Oerst. Distinguished by the possession of 
lobed processes on the head, also by the 
presence ot a eopulatory organ placed in a special sheath. J). lactvum Oerst., 
Pol if ccli x nigra , bran nr a O. Fr. Mull. 

Fam. G-eoplanidae. * Land Planarians. They are characterised by their 
* Besides M, Schultze, Stimpson, Mctschnikotf, Grube, etc., compaie H. N. 



a 

Eic,. 252 — Plantrrift yolychroa 
hujuhri* (5), iorva (e), about twice 
the natural size (after O. 
Schmidt). 



316 


PLATYHELMINTHES. 


elongated and flattened body, which is provided with a foot-like ventral surface. 
Geoplana la pull cola Stimps., Ilh y nehodesmus ter rest r U Gm. ( Fasciola terrextrix, 
0. Fr. Miiller), Europe. Geodexmux hilineatus , Metschn., with thread cells in 
the integument, found in potter's earth. 

2. Digonopora. j Dendroccela with double sexual opening. Almost 
all are marine. The proboscis is often folded and lies within a 
special pouch. When protruded, it spreads out like a lobe. 

Fam. Stylochidae. The body is flat and rather thick, and is provided with 
two short tentacles on the head. There are usually numerous eyes on the 
tentacles or on the head. The genital openings are posterior. StylocJntx macu- 
late* Quatr. 

Fam. Leptoplanidae. Body flat and broad, usually very delicate. Cephalic 
region not distinct, without tentacles. The eyes are more or less numerous. 
The mouth is usually placed in front of the middle of the body. The genital 
openings lie behind it. LcptopJana trcttiellan* O, Fr. Miill., Mediterranean. 

Fam. Euryleptidae. Body broad, and either smooth or furnished with 
papillae. There are two tentacle-like lobes on the anteiior region of the head. 
'Hie mouth is placed in front of the middle of the body. Numerous eyes are 
disposed near the anterior maigin. Marine. Thyxauozoon Diexingii Gr. 
Mediterranean. Eurylepta avriculata O. Fr. Miiller, North Sea. 

Order 2.- Trematoda.* 

Parasitic Plat yhehni tithes with unsegmented, usually leaf -shaped f 
rarely cylindrical body. They possess a 'mouth and centrally placed 
organ for attachment : the intestine is forked and without an anus . 

The Trematodes are with great probability to be derived from 
the Turbellaria , with which group, both in form and organization, 
they show a close relationship. In connection with their parasitic 
mode of life they develop .special organs for adhering, such as 
suckers and hooks. Cilia are present only in larval life. 

The mouth is invariably placed at the anterior end of the body, 
usually in the middle of a small sucker (tig. 253). It leads into 
a muscular pharynx with a more or less elongated oesophagus, which 
is prolonged into a forked intestine ending blindly. 

Moseley, Notes on the Structure of Several Forms of Land Planarians,” etc. 
•fov vital of Mice. Science, vob xvii. 

* A. v. Nordmann, u Mikrographisehe Beitragc zur Kcnntuiss der wirbcllosen 
Thiere,” Berlin, 1832. G. G. Cams, •* Boobachtung liber Leucochloridium 
paradoxum, etc./* Nov. Act ., vol. xvii., 1835. Wagener. ■■ Ucber Gyrodactylus 
elegans,” Muller'* Arch iv.. 1880. Van Beneden, “ Memoire spr k\s vers intes- 
tinaux,” Baris, 1881. E. Zeller, “ Untersuchungen liber die Entwiekelung und 
den Bau von Polystoma integerrimum, Zeitschr. f. wi*x. Zool. t vol. xxii., 1872. 
E. Zeller, •* Untersuchungen liber die Entwiekelung von Diplozoum paradox- 
uin.” Ibid., vol. xxiii., 1873. E. Zeller. ‘‘ Ueber Leucochloridium paradoxum 
und die wcitcre Entwiekelung seiner Distomumbrut.” Ibid.. Tom XXIV. 
E. Zeller, k ‘ Wciterer Beitragzur Kenntnissde^Poly8tomeen, ,, Ibid., xxvii,, 1876. 
Compare also the works of G. Wagener and De Filippi. 
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The excretory apparatus consists of two large lateral trunks and 
a network of fine vessels perm eating the tissues and beginning with 
small ciliated lobules. The two large trunks open into a common 
contractile vesicle, which opens to the exterior at the posterior end 
of the body (fig. 253, Ep). The excretory system contains a watery 
fluid with granular concretions. This fluid is probably an excretory 
product, corresponding to the urine of higher animals. 

The nervous system consists of a double ganglion lying above the 
oesophagus, and from it several small nerves and two posteriorly 
directed lateral trunks are said to be given off. Eye spots with 
refractive bodies are sometimes present m the larvse during their 
migrations. Locomotion is effected 
by the del mal muscular system and 
the organs of attachment, viz., the 
suckers and hooks, which present 
numerous modifications in number, 
foim, and arrangement. In general, D 
the size and development of these 
organs are related to the endo- 
parasitic or ecto-parasitic mode of 
life. In the endo-parasitic Trema- 
todes they are less developed, and S 
usually consist of the oral sucker and 
a second larger sucker on the ven- 
tral surface, either near the mouth, 
as in J)istot)inm , or at the opposite 
pole of the body ( Amphistomum ). 

This large sucker may, however, be FlG * 253 —Young 1 Dmtomum (aftci La 
. , , , _ \ rm . Valette). JSa , trunk of the evcretorj 

absent yJiloriOStom II 1)1}. Ihe ecto- (watei \ascular) system, JEp t ox cie- 

parasitic Pobjstomea , on the other * ory pore > °> mouth Wlth wicker, 

S, suckei in the middle of the \ entral 
hand, are distinguished by a much surface, P, pharynx, D, forked m. 

moie powerful armature, for besides teatme * 

two smaller suckers at the sides of the mouth, they possess one or 
more large suckers at the posterior end of the body (fig. 258), which, 
nioieover, may be supported by rods of chitin. There are often 
in addition chitinous hooks, and very frequently two larger hooks 
among the posterior suckers in the middle line (77). 

The Trematoda are mostly hermaphrodite. As a rule, the male and 
female generative openings lie side by side, or one behind the other, 
not far from the middle line of the ventral surface, near the anterior 
end of the body (fig. 254). The male opening leads into a sac, the 
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cirrus sac , which encloses the protrusible terminal part (cirrus) of the 
vas deferens. The vas deferens soon divides into two, which lead 
back to the two large simple or multilobed testes. The supposed 
third vas deferens, which, according to v. Siebold, runs from one 
testis to the female sexual apparatus, so as to permit of direct ferti- 
lization without copulation, has been recognized as a vagina opening 
to the exterior on the dorsal surface (canal of Laurer). The 



female organs consist of a convo- 
luted uterus and of the glands 
concerned in the preparation of the 
egg, viz., an ovary and two yolk 
glands. There is sometimes in ad- 
dition a special shell gland. The 
true ovary which produces the pri- 
mary ova is a round body, and is 
usually placed in front of the testes. 
The yolk glands which secrete the 
yolk are much ramified tubular 
glands, and fill the sides of the body 
(fig. 254). The yolk particles come 
in contact with the primary ova in 
the first portion of the uterus, and 
surround them in greater or less 
quantities. Subsequently each 
ovum, with its investment of yolk, 
is surrounded by a strong shell. The 
ova in tlieir passage along the uterus 
become packed together, often in 
great numbers, and undergo the 
stages of embryonic development 
in the body of the parent. Most 


Fig. 234 — Dmfomutn h<]>ntnum (after 
Sommer) O, Mouth , D, limb of in- 
testine , 8, sucker; 7', testes; Do, 
viteilarium , Or (uterus), oviduct ; Dr, 
accessory glands. 


Trematodes lay their eggs ; only a 
few are viviparous. 

The just-liatched young either 
possess (in most Poljjstomea) the 


form and organization of the patent; or they present the phenomenon 


of a complicated alternation of generations (heterogamy) connected 
with a metamorphosis ( Distomea ). In the first case, the large eggs 
become attached in the place where the mother lives; in the last 


case, the relatively small eggs are deposited in a damp place, usually 
in the water. After the completion of the segmentation and the em- 
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bryonic development, the contractile, usually ciliated embryos* (fig. 
255, a) 9 which already possess the first rudiments of an excretory 
system and more rarely a sucker with a mouth and alimentary canal, 
leave the egg and wander about independently in search of a new host. 
The latter is, as a rule, a snail, into the interior of which they pene- 
trate and there become transformed into simple or branched Sporocysts 
(without mouth and alimentary canal, fig. 255, c), or into Redicn 
(with mouth and alimentary canal, fig. 255, d ). These give rise, by 
means of the so-called germs [cells lying in the body cavity of the 


d 


e 



Fig. 255. — Developmental history of Distomum (partly after R. Lenckai t). a, free swimming 
ciliated embryo of the livor liuke. 5, the same m a state of contraction with rudimentary 
alimentary canal (D) and cell mass (Ov) (nidiraents of the genital glands). Ex, ciliated 
apparatus of the ludiraentm ^ excretory s,> stem, r, sporocyst developed fiom n Distomnm 
embryo, filled with Cercame (C) ; B. Boring spine ot a Cercaria. d Redia with pharynx, 
(Ph), and alimentary canal (D) ; O, mouth ; Ex, Excretory organ ; C, Cercaria inside 
Redia. (, Free Cercaria , S, sucker ; Z>, alimentary cannl. 


sporocyst or redia], which probably correspond to the germinal cells 
(primitive ova) of the rudimentary ovary, to the generation of the 


* As R. Leuehait has rightly observed, the lKcyemuhr . which were iccrarded 
as JJetsozoa by Ed. v. Beneden, as well as the ()rtlionectid«\ which have 
recently been especially investigated by Giard and E. Metschnikoff, and which 
in the reproductive stage do not rise above a form corresponding to the einbiyos 
of Tiematodes, recall these Distonmm larvae. 



320 


PLATYHELMINTHES. 


tailed Cercarice , or to another generation of Sporocysts or Redice,* 
which then produce the Cercarke. 

The Cercarice are nothing else than Distomum larvae, which 
eventually reach (often only after two migrations, an active and a 
passive one) the final host, where they become sexually mature. 
They are furnished with an exceedingly motile caudal appendage, 
frequently with a buccal spine, and occasionally with eyes, and they 
present in the rest of their organization great resemblances to the 
adult Di&tomum , excepting that the generative organs are not 
developed. In this form they leave independently the body of the 
Redia or Sporocyst and of the host of the latter, and move about 
in the water, partly creeping and partly swimming. Here they 
soon find a new host (Snail, Worm, Insect larva, Crustacean, Fish, 
Batrachian), into which they penetrate, aided by the powerful 

vibrations of their tail ; they then 
lose the latter and encyst. 

The Cercarice from the interior 
of the snail thus become distributed 
amongst a number of hosts, and each 
of them gives rise to an encyste 
young J)istominn without generative 
organs. This young Distomum mi- 
grates passively with the flesh of its 
host into the stomach of another 
animal, and thence, freed from its 
cyst, into the organ (intestine, bladder 
etc.), in which it becomes sexually 
mature. 

There are, then, as a rule, three 
different hosts in the organs of which 
the different developmental stages 
( Redia or *S 'porocyst, encysted form, 
sexually mature animal) of the Distomum bury themselves. The 
transitions from one host to another are effected partly by inde- 
pendent migration (embryos, Cercarise), partly by passive migration 
(encysted young Distomum ). 

Modifications of the ordinary course of development may, however, 
take place ; these may be either complications or simplifications. The 
embryo at hatching may contain a single Redia (as in Monostomum 



Fig. 250 — u, Embryo of JDiplodmcug 
euhdavatiiH (after G Wagoner). 
D, Alimentary canal , Ex, excre- 
tory system b , Embryo of Mo- 
nnxtomum mutabih (after V. SlG- 
bold). P, Pigment spots , JR, 
reilia m the interior of the embryo 


* In Cercaria cy&tophora from Plnnorbi ft maryuiatux ; according to Cr. 
Wagener. the pnniaiy a«exual individual is a ftporveyst , the secondary a Redia* 
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jlavum and mutabile), which it carries about until it enters the first 
host (fig. 256, 6). In other cases the course of development is sim- 
plified by the omission of the second intermediate host, viz., that 
which contains the encysted immature Distomum ( Cercaria ,macro- 
cerca of Distomum cygnoides , also Leucochloridium in the tentacles of 
Helix succinea), 

(1) Sub-order : Distomea. Trematodes with at most two suckers, 
without hooks. They develop with a complicated alternation of 
generations. The asexual individuals and the larvae live principally 
in Mollusca , the sexually mature animals in the alimentary canal of 


Vertebrates. 

The sexes are completely separated in 
Distonium, haematobium (from the veins of 
man); individuals of the two sexes being 
united in pairs (fig. 257). Dimorphic forms 
are found in certain species of the genera 
Monostomum and Distomum in connection 
with the division of labour of the sexual 
functions ; one individual develops only male 
sexual organs, and the other only female, the 
former producing spermatozoa and the latter 
ova. The rudiment of the functionless 
generative gland undergoes in these cases a 
more or less complete degeneration. Such 
Distomea are morphologically hermaphrodite, 
but practically of separate sexes. 

The complete biology and developmental 
history is unfortunately only satisfactorily 
known for a few species which can be fol- 
lowed through all the stages of development. 



Fig. 267 — Dittomum haemaio- 
bium. Male and female, 
the latter being in the 
canalis gynsecophorus of 
the former. S, sucker. 


Fam. Monostomidae. Of an oval, elongated, more or less rounded form, with 
only one sucker, which surrounds the mouth. Monostomum Zeder. Sucker 
surrounding the mouth ; pharynx powerful. Sexual openings but slightly 
removed from the anterior end. M. mutabile Zeder, in the body cavity and in 
the orbit of various water-birds ; viviparous. M. Jlavum Mehlis, in water-birds, 
develops from Cercaria, ephemera of Planar bis. M. lentis v. Nordm., the 
young form without generative organs is found in the lens of the human eye. 
M, bipartitum Wedl., living in pairs enclosed in a common cyst, the one indi- 
vidual surrounded by the lobed posterior end of the other ; branchiae of Tunny- 
fish. 

Fam. Bistomidte. Body lancet-shaped /frequently spread out. more rarely elon- 
gated and rounded with a large median sucker ; in front of which lie the genital 
openings, usually close together. 


21 
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Dutomum . Median sucker approached to the anterior one. D. hepaticum L. 
Liver fluke. With conical anterior end. and numerous spine-like prominences 
on the surface of the broad leaf-shaped body, which is about .‘10 mm. long. 
Lives in the bile-ducts of sheep and other domestic animals, and produces 
the liver disease of the sheep. It is occasionally found in Man, and bores its 
way into the portal vein and into the system of the vena cava. The elongated 
embryo only develops after the egg has remained a long time in water : it has 
a continuous ciliated envelope with an X* shaped eye-spot. R. Leuckart's re- 
searches have rendered it probable that the development is passed through in 
the young Limnceu s pereyer and truucat uln*. that here the embryo becomes a 
Sporocyst. and that this produces Re dire, in which it is supposed that tailless 
Distomea arise. 

[The life-history of the liver-fluke has been completely worked out by A. P. 
Thomas (Quart. Journal of Microscopical Set, 1883, pp. 99 — 133). He has 
shown that the ciliated embryo passes into Limnaws truncatulus , and there 
gives rise to a sporocyst which produces redne. The red ter produce more 
redice or Cercaria\ The (Wear ire, which are provided with long tails, leave 
the host (Limnams truncatulus), swim about for a short time in the water, and 
encyst on foreign objects, e.y. blades of grass. In this condition they are eaten 
by the sheep.] 

D. crassum Busk., in the alimentary canal of the Chinese, one to two inches 
in length, and half-inch broad, without spinous prominences, with a simple 
forked intestine. 1). Ian ceola turn Mehlis. Body elongated into the form of a 
lancet, 8 — 9 m.m. long, lives in the same place with 1). htpatienm. The embryo 
develops at first in water, is pear-shaped, and only ciliated on the anterior half 
of the body, bears a styliform spine on the projecting apex. D . ophthulmobivm 
Dies. A doubtful species of which only four specimens have been observed in the 
lens capsule of a nine-months’ child. D. heteroph yes Billi. v Sieb. 1 — 1*5 mm. 
long, in the alimentary canal of man m Kgypt. 1). yoliath van Ben., 80 mm. 
long, in Pterobalcrna. Numerous species live in the alimentary canal, lungs, 
and bladder of the frog. Distomun fit colie Hud. (/>. Okeni Roll) in pairs in 
the mucous sacs in the branchial cavity of Brama Raji. The one individual is 
cylindrical and narrow, and produces spermatozoa ; the other is swollen in the 
middle and posterior region of the body, and is filled with eggs. The dissimilar 
development of the two individuals is probably due to the fact that copulation 
only leads to the fertilization of one of them, which alone is able to perform 
the female sexual functions. I). Itcematohium, Bilh. v. Sicb. ( O ymneophorus 
Dies) (fig. 257). Body elongated ; sexes separate. The female is slender and 
cylindrical. The male has powerful suckers, and the lateral margins of the 
body are bent round so as to form a groove, the canal is gynascophorus, for the 
reception of the female. They live in pairs in the portal vein, and in the veins 
of the intestine and of the bladder of man in Abyssinia. According to Cobbold, 
the embryos are ciliated, and possess a tolerably well developed excretory 
system. By the deposition of masses of their eggs in the vessels of the mucous 
membrane of the ureter, bladder, and great intestine, inflammation is set up, 
which may cause haematuria. 

(2) Sub-order: Polystomea. — Trematodes with two small lateral 
suckers at the anterior end, and one or more posterior suckers, to 
which two large chitinous hooks are often added. In exceptional 
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cases ( Tristomum coccineum) transverse rows of bristles are found. 
Paired eyes are frequently present. In some species the elongated 
body presents a kind of external segmentation. They are for the 
most part ectoparasitic, to a certain extent like the Hirudinea , and 
they develop directly without alternation of generations from eggs 
which are usually hatched in the locality inhabited by the mother. 
Sometimes the development is a metamorphosis ( Polystomum ), and 
the young larvae live in another place. 

The development of Polystomum integerri- 
mum from the bladder of the frog is the best 
known, owing to the researches of E. Zeller 
(figs. 258, 259). The production of eggs begins 
in the spring, when the frog awakes from 
hibernation and proceeds to pair. It lasts 

from three 
to four 
weeks. It 
is easy then 
to observe 
the Polysto- 
mea in the 
process of 
reciprocal 
cop ul at ion. 

When the 
eggs are 
being laid, 
the parasite 
forces the 

anterior end of the body with the genital FlG - f ,! nt ? 

J qcmmum (utter E Zeller). 

opening through the mouth of the bladder 
nearly as far as the anus. The development 
of the embryo takes place in water and occu- 
pies a peiiod of many weeks, so that the 
young larvte are only hatched when the tad- 
poles have already acquired internal gills. The larva? resemble 
Gyrodactylus , and possess four eyes, a pharynx and alimentary canal, 
as well as a posterior disc (for attachment), which is surrounded by 
sixteen hooks. They possess five transverse rows of cilia ; three are 
ventral and anterior, two dorsal and posterior. There is also a 
ciliated cell upon the anterior extremity. The larvae now migrate 



Pig. 259. — Egg with embryo (n,«n d hatched 
larva (5) of Folystnmnm tntrqernmum , Z>X, 
operculum (aftei E Zeller). 



O, mouth , Go, genital 
opening , D, intestine , 
IF, copulatory opening 
(lateiol pads), JDg, yolk 
gland duct , 8, sucker ; 
Oc, ovary , H, hooks. 
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into the branchial cavity of the tadpole, lose their cilia, and are 
transformed into young Polystomea by the formation of the two 
median hooks and of the three pairs of suckers upon the posterior 
disc. The young Polystomum , eight weeks after the migration into 
the branchial cavity, at the time when the latter begins to abort, 
passes through the stomach and intestine into the bladder, and there 



Pig. 260. — Young Jhplozoon (after E Zeller), a. Two young Dtporpa beginning to attach 

themselveB together, b, After both individuals have attached themselves. O, mouth; 

H, fixing apparatus ; Z, papilla; ; G, sucker. 

only becomes sexually mature after three and more years. In some 
exceptional cases, and always when the larva has passed on to the 
gills of a very young tadpole, it becomes sexually mature in the 
branchial cavity of the latter. The forms then remain very small, 

are without the copulatory 
canals and uterus, and die 
after the production of a 
single egg, without ever 
getting to the bladder. 

Fain. Polystomidee. With seve- 
ral postenor suckers, which are 
usually paired and ai ranged in 
two lateral rows, anti aae rein- 
forced by an ai mature of hooks. 
The genital openings are fre- 
Fig 261 —Egg («) and larva ( b ) of Diplozoon (after qucntly sunounded by hooks. 

E Zeller). Many species have a length of 

only a tew lines. 

Poly gt omit m Zed., with four eyes ; with no lateral suckers at the anterior 
end, but with oral sucker; with six suckers, two large median hooks and 
sixteen small hooks at the po&tenor end. P, intetjcrrtmum Rud., in the 
bladder of liana temjporana, P. ooellatum, in the pharyngeal cavity of 
JSmys. In the formation of the testis and the absence of the uterus it 
resembles tjhe adult form of P. integerrimum from the branchial cavity of 
the tadpole. Ootobothrium lan ceola turn Duj. Onchocotylv ajijiendiculata Kuhn, 
on the gills of Elasmobranchs. 

Diplozoon v. Nordm. The animal is double, two individuals being fused to 
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form an X-shaped double animal, the posterior ends of which are provided with 
two large suckers divided into four pits. In the young state they live solitarily 
as Dlporpa ; they then possess a ventral sucker and a dorsal papilla (2(50 a, G 
and Z'). In the double animals the formation of ova is confined to a definite 
period of the year, usually the spring. The eggs are laid singly after the forma- 
tion of the thread by which they are attached, and two weeks later the embryo 
(fig. 261, V), which only differs from 
Diparpa in the possession of two eye- 
spots and a ciliated apparatus upon the 
sides and on the posterior extremity of 
the body, is hatched. When an oppor- p| 

tunity of fixing itself on the gills of a S |||jj 

fresh-water fish occurs, the young animal 13 ||M|||!li 

loses its cilia and becomes a D/porpa , 3 

which possesses, besides the characteristic ga 

apparatus for attachment, the alimentary 

canal, and the two excretory canals with la fill 

their openings at the anterior part of the M fewS / ■ 

body (at the level of the pharynx), and j3 || H 

sucks the branchial blood. The junction n \j|H 

of the two Diporpa soon follows ; and f gf vll^W I 'SS 

this does not take place, as was formerly i Sr ^rnMiranma 7jl| 

believed, by the fusion of the two ventral Jjf l|jjj|j|Hi UH 

suckers, but in such a manner that the g p i ill 

ventral sucker of each animal affixes itself , 3 IlHIHSS MB 

to the dorsal papilla of the other, and & IS ,!lll I B 

fuses with it (fig. 260, h). I). parmhurum Ej \yji 

v.^ Nordm., on the gills of many fresh- a JjL 

Fam. Gyrodactylida. Very small Trc- I 3 JUBfc vllJP 

matodcs with large terminal caudal disc f H xJJJB VSSr 

and powerful hooks. They are viviparous, S / 

producing a single young one (first gene- Jf JtjjstJS (1 11B 

ration) at a time, within which, while a \ j|IhH 

still in the body of the parent, another Jf \ jpIBj^ 

young one (second generation) may be I j ||i H nB 
present, and in this yet another (third f miiiim ||J® 

generation). V. Siebold believed that he 

had observed a young animal developing |7 iJB HM 

from a germ cell of G product plus, and \ L |g| fc 

that this became pregnant during its \ fell 

development. He regarded the Gpro- a JHK 

dart plus as an asexual form, since he ymm 

failt‘d to find organs for the production 

of sperm. G. Wagoner, however showed Fig. 262 .— Tania *agnmta{med%ocantUata) 

that the reproduction is sexual, and natural size (after R. Leuckart)/ 

conceived the idea that the germs from which the second and third generations 
are formed are derived from the remains of the fertilized ovum from which 
* rT generation is formed. Metschnikoff, too, is of the opinion that the 
individuals of the first and second generations are formed at the same time 
trom a common mass of similar embryonic cells. Gprodactylns v. Nordm., 

. clegam v. Nordm., from the gills of Cyprinoids and fresh-water fish. 
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Order 3. — Cestoda.* 

Elongated and usually segmented Platyhelminthes without mouth 
or alimentary canal, with organs for attachment at the anterior 
extremity . 

The tape-worms, which may easity be recognised by their band- 
shaped usually segmented bodies, are parasitic in the alimentary 
canal of Vertebrata, and were formerly taken for single animals. 
Steenstrupp was the first to introduce a different view, according 
to which the tape-worm is a colonial animal, a chain of single 
animals, each segment or proglottis being an individual. There are, 
however, Cestoda , like Caryophyllceus , which are destitute both 
of external segmentation and of segmentation of the gene- 
rative organs ; while in other cases the segments of the body 
are clearly differentiated, and each is provided with a set of genera- 
tive organs, but they do not attain individual independence. The 
proglottides , however, usually become separated off, and in some 
cases ( Ecliineibothrium ) after their sepamtion from the body of the 
tape-worm continue to live for a long time independently, and even 
increase considerably in size ; so that although the individuality 
of the tape- worm may be justly insisted on, yet the subordinate 
and morphologically more restricted degree of individuality of the 
proglottis must also be admitted. This is the only satisfactory 
mode of regarding the Cestoda ; especially as the entire tape-worm, 
and not the proglottis alone, corresponds to the Trematode, and is 
to be derived from the latter by a simplification of organization and 
loss of the alimentary canal. 

The anterior part of the tape-worm is narrow, and presents a 
terminal swelling by which it attaches itself. This anterior swollen 
part is distinguished as the head of the tape-worm, but it is only 
its external form which entitles it to this name. In Caryophyllceus 

* Besides the older works and papers of Pallas, Zcder, Bremscr, Rudolphi, 
Diesing, and others, compare van Beneden, “ Les vers cestoides ou aeotyles,” 
Brussels, 1850. Kuchenmeister, “ Uebcr Cestoden im Allgemeinen und die 
des Menschen insbesondere,” Dresden, 1853. V. Siebold. “ Ueber die 
Band- und Blasen-wurmer,” Leipzig, 1854. G. Wagoner, “ Die Entwicke- 
lung, der Cestoden,” Nov. Act. Leap. -Car.. Tom XXIV., Suppl., 1854. 
G. Wagener, “ Beitrag zur Entwickelungsgeschi elite der Eingcweidewiirmer,*’ 
Haarlem. 1857. R. Leuckart, “ Die Blasenbandwiirmer und ihre Kntwicke- 
lung,” Giessen, 1850. II. Leuckart, “Die nienschlicben Para^iten,” Bd. I., 
Leipzig, 1862. F. Sommer and L. Landois, “ Ueber den Bau der gesclilechts- 
reifen Glieder von Bothriocephalus latus.” Zcitxchr. f. urixx. Zool ., 1872. 
F. Sommer, “ Ueber den Bau und die Entwickelungsgeschichte der Geschlechts- 
organe von Taenia mediocanellata und Taenia solium,” Ibid., Tom XXIV., 1874. 
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the head armature is very weak, and consists of a lobed fringed 
expansion. The apex of the head often ends in a conical projection, 
the rostellum , which is armed with a double circle of hooks, while 
the lateral surfaces of the head are furnished with four suckers 
( Ttenia , fig. 263). In other cases only two suckers are present 
(Bothriocephalic ) ; or we find suckers of more complicated structure 
and beset with hooks (Acanthohothrium), or four protrusible probosces 
beset with recurved hooks ( Tetrarhyncus ) ; while in other genera 
the head armature presents various special forms. 

That portion of the animal which follows the he>d and is dis- 
tinguished as the neck shows, as a rule, the first traces of com- 
mencing segmentation. The rings, which are at first faintly marked 
and very narrow, become more and more distinct and gradually 
larger the further they are removed from the head. At the pos- 
terior extremity the segments or pro- 
glottides are laigest, and have the 
power of becoming detached. After 
separation they live independently 
for a long time, and sometimes even 
in the same medium. 

The simplicity of the internal or- 
ganization corresponds with the simple 
appearance of the external structure. 

Beneath the delicate external cuticle 
is a matrix consisting of small cells, 
m which are mattered glandular cells. from the (apical 8urface ), with 

Beneath the matrix there is a delicate rostellum and double circle of hooks 
_ _ , _ , . . The four suckeis are visible. 

superficial layer of longitudinal mus- 
cular fibres, and next a parenchyma of connective tissue, in which 
strongly-developed bundles of longitudinal muscular fibres, as well as 
an inner layer of circular muscles, are embedded ; both these muscular 
layers are traversed, principally at the sides of the body, by groups 
of dorso- ventral muscular fibres. The power which the proglottis 
possesses of altering its form is due to the interaction of all these 
muscles. By means of them it is able to shorten itself considerably, 
at the same time becoming much broader and thicker, or to elongate to 
double its normal length, becoming much thinner. In the connective 
tissue parenchyma of the body, not only the muscles, but all the other 
organs are embedded. In its peripheral portion, especially in the neigh- 
bourhood of the head, we find small densely packed calcareous concre- 
ments, which are generally regarded as calcified connective tissue cells. 
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The nervous system consists of two lateral longitudinal cords passing 
externally to the main trunks of the excretory system. They are 
somewhat swollen in the head, where they are connected by a trans- 
verse commissure; these anterior swellings and the commissure 
may represent a cephalic ganglion. Distinct sense organs are 
wanting, but the tactile sense may be ascribed to the skin, especially 
to that of the head and the suckers. An alimentary canal is also 
wanting. The nutritive fluid, already prepared foi* absorption, 
passes endosmotically through the body wall into the parenchyma. 

The excretory apparatus , on the contrary, attains a considerable 
development as a system of much ramified canals which are dis- 
tributed throughout the whole 
body.* It consists primarily of 
two longitudinal canals (a dorsal 
and a ventral), running along each 
side of the body and connected in 
the head and in each segment by 
transverse trunks. According to 
the state of contraction of the 
muscular system, these longitudinal 
trunks and cross blanches appear 
sometimes straight and sometimes 
bent in a wavy or zigzag manner : 
their breadth also presents consider- 
able variation, so that the power of 
contraction has been ascribed to 
their walls. The longitudinal trunks 
only serve as the efferent ducts of a 
system of very fine vessels which 
lamify throughout the whole paren- 
chyma and receive numerous long 
tubes : the latter begin in the 
parenchyma with closed funnels, which contain a vibratile ciliated 
lappet (fig. 264). In many cases, as in the Ligulidce and Caryo - 
phyllceus , these longitudinal trunks are broken up into numerous 
longitudinal vessels, which are connected by transverse anastomoses. 
In other cases, on the other hand, the two ventral vessels are enlarged 
at the cost of the two dorsal, which may entirely atrophy. The 
external opening of the excretory system is, as a rule, placed at the 

* Compare Th. Pintner, “ Untersuchungen uber deu Bau des Bandwurm- 
korpers,” Wien, 1880. 



Pig. 264.— A portion of the excretory 
system of CaryophyUeem mutalths 
(after Pmtner). Wb, Ciliated funnels 
with the nucleus of the cell belonging 
to them. 
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posterior end of the body, i.e., at the hind end of the last segment, 
in which a small vesicle with an external opening receives the longi- 
tudinal trunks. According to the observations of Leuckart on 
Tcenia cucumerina , the posterior transverse canals in the segments 
immediately preceding the last become, by their gradual shortening 
and the approach of the longitudinal trunks, transformed into the 
vesicle, which acquires an external opening when the segment behind 
it is detached. In rare cases the excretory system possesses additional 
openings in the anterior part of the body behind the suckers. 

The generative apparat us is also divided into segments which 
correspond to the proglottides. Each proglottis possesses its own 



Fig. 206. — Proglottis of Teem a mediocanellata, with male and female organs (after Sommer). 
Oo , ovary ; JDS, yolk gland (vitellarium) , Sd, shell gland ; Ut, uterus ; T, testes ; I'd, vas 
deferens ; Ch , pcuch of the cirrus ; K, generative cloaca; Ya, vagina. 

male and female generative organs, and can therefore, when separated, 
bo considered as a sexual individual of a lower order. The male 
apparatus consists of numerous pear- shaped vesicles, the testes (fig. 
265, T), winch are situated upon the dorsal side, and their vasa 
efferentia open into a common efferent duct ( vas deferens). The coiled 
end of this duct lies in a muscular pouch ( cirrus sheath ), whence it 
can be protruded through the genital opening as the so-called cirrus. 
This cirrus is frequently beset with spinas which are directed back- 
wards, and serves as a copula tory organ. The female generative 
organs consist of ovary, yolk gland , shell gland , uterus, receptaculum , 
and vagina . The vagina and vas deferens usually open into a common 
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genital cloaca, which lies either on the ventral surface of the segment 


(Bothriocepalus ) , or on the lateral 


b 



Fig 260 — Ripe proglottides ready to separate 


margin ( Taenia ) (fig. 265). In 
the last case it is placed alter- 
nately on the right and on the 
left side. Nevertheless it may 
happen that the two genital 
openings are widely separate, 
the male opening being placed 
at the side, the female on the 
surface of the segment. As 
the segments increase in size 
and become further removed 
from the head, the contained 
generative organs gradually 
reach maturity in such a way 
that the male generative 


lather eailier than the female. 
As soon as the male elements are matui e, copulation takes place, and 
the receptaculum seminis is filled with speim, and then only do the 


female generative organs reach 
maturity. The ova are fertilized 
and pass into the uterus, which 
then assumes its characteristic 
form and size. As the uterus 
becomes distended, the testes and 
then the ovaries and vitellaria are 
more or less completely absorbed 
(fig. 266). The posterior proglot- 
tides, viz., those which are ready 
for sepaiation, have alone under- 
gone full development, and the 
eggs in their uterus often contain 
completely developed embryos. 
Accordingly we can recognize in 
a continuous senes of the seg- 
ments the course of development 
passed through by the sexual 
organs and products in their 



Fig ||267.~ Egg with embryo (a) of Taenia 
solium, ( b ) of Microtcema , (<*), of Bothrio- 
cephalic lotus (after R Leuckart) 


origin and gradual progress towards maturity. The number of 


segments between that with the first trace of the generative organs 
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and the first proglottis with fully developed organs gives us an 
expression for the number of stages through which each segment 
has to pass. The tape-worms are oviparous; either the embryo 
develops within the egg-shell in the body of the mother, or the 
development takes place outside the proglottis, for example in 
water {Bothriocepl talus). 

The eggs of the Cestoda are round or oval in shape and of small 
size. Their envelope is either simple or composed of numerous thin 
membranes, or else forms a thick and strong capsule, which in Taenia 
is formed of densely packed rods united by a connecting substance, 
and presents in consequence a granular appearance. In many cases 
the development of the embryo coincides with that of the egg- 
shell, so that the egg at the moment that it is laid contains a 



Fig 268. — Stages in the development of Taenia *olium to the Ci/aticercut stage (partly after R. 
Lcnckart). a, Egg with embryo. 6, Tree embryo, c, Rudiment of the head as a hollow 
papilla on the wall of the vesicle, d, Bladdor*worm with retracted head. e, The same 
with protruded head, magnified about four times. 


complete embryo with six, or more rarely, four hooks. In Bothrio - 
cephalus the development takes place outside the proglottis during 
the long period that the egg passes in water, and the embryo 
leaves the egg as a ciliated larva (fig. 267, c). The development 
of the embiyo into the tape-worm probably never takes place 
directly in the same medium in the intestine of the original host. 
As a rule there is a complicated metamorphosis, which is sometimes 
{Echinococcus , Cvenurus) connected with alternation of generations ; 
the successive stages live in different localities, and usually find the 
conditions necessary to their development in different species of 
animals, between which they migrate, partly actively and partly 
passively. The eggs usually leave the intestine of the host with 
the proglottis, and are deposited on dunghills, on plants, or in the 
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water, and thence pass in the food into the stomach usually of 
herbivorous or omnivorous animals. As soon as the egg membranes 
are digested or burst by the action of the juices of the stomach of 
the new host, the embryos which have been thus set free bore their 
way into the gastric or intestinal vessels by means of their six 
(rarely four) hooks, the points of which can be approached and 
removed from one another over the periphery of the small globular 
embryonic body. When they are once within the vascular system, 



Fig 209 — <t, Bi ood-capsulo of Echrnococeng with de\ eloping heads (aftei R. Leuckait) b. 
Brood-capsule of Echmococcm (after G- Wagener) c, Heads ol Echinococcv* still c onnected 
with the wall of the brood capsule— one is evaginated , T r, e\cretor> canals 

they are no doubt carried along passively by the current of blood, 
and transpoited by a longer or shorter route into the capillaries of 
the different organs, as the liver, lungs, muscles, brain, etc. After 
losing their hooks, they usually become en\ eloped by a cyst of 
connective tissue, and grow into large vesicles with liquid contents 
and a contractile wall (fig. 268). The vesicle gradually becomes a 
cystic or bladder worm by the formation of one ( Cysticercus *) or 
* Exceptionally tvso or more heads arc found in some Cysticeicus foims. 
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several ( Ccenurm ) hollow buds, which are developed from the walls 
and project into the interior of the vesicle (fig. 268, c). The 
armature of the tape-worm head (suckers and double circle of hooks) 
is formed on the inside and at the bottom of this invagination of 
the wall of the vesicle (fig. 268, d). When these hollow buds are 
evaginated so as to form external appendages of the vesicle, they 
present the form and armature of the Cestode head, as well as a 
more or less developed neck, which presents even at this stage traces 
of segments (fig. 268, e). In some cases (Echinococcus) the irregularly 
shaped maternal vesicle produces from its internal walls one or two 
generations* of secondary vesicles which project into it; and the 
Cestode heads originate in special small brood-capsules 
on these secondary vesicles (fig. 269, a). In such 
cases the number of tape-worms which arise from 
one embryo is naturally enormous, and the parent 
vesicle may reach a very considerable size, being some- 
times as large as a man’s head. In consequence of 
this enormous growth the vesicles frequently obtain 
an irregular shape ; while on the other hand, the tape- 
worms which are developed from them remain very 
small, and carry, as a rule, only one ripe proglottis 
(fig. 270). 

So long as the tape-worm head ( scolex ) remains 
attached to the body of the bladder-worm and in the 
host of the latter, it never develops into a sexually 
mature tape-worm ; although in many cases it grows 
to a considerable length ( Cysticercus fasciolaris of the 
house-mouse). The bladder- worm must enter the 
alimentary canal of another animal before the head 
(. scolex ) can, after separation from the body of the 
bladder-worm, develop into the sexually mature tape- 
worm. This transportation is effected passively, the new host eating 
the flesh or organs of the animal infected with Cysticerci. The tape- 
worms, therefore, are principally found in the Carnivora , the Insecti- 
vora, and the Omnivora , which receive the bladder-worms in the flesh 
of the animals on which they feed. The vesicles are digested in the 
stomach, and the cestode head becomes free as a scolex . The latter is 
protected from the too intense action of the gastric juice by its 
calcareous concretions, and at once enters the small intestine, fastens 

* In Cysticerci ( O . lonyicollh , tenuicolli *) also sterile. daughter vesicles are 
sometimes budded off. 


Fig. 270.- Tanta 
Echtn oc oc cut 
(after E. Lenc- 
kart), magni- 
fied 12 to 15 
times. 
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itself to the intestinal wall, and grows by gradual segmentation into 
a tape-worm. From the Scolex the chain of proglottides proceeds as the 
result of a growth in length accompanied by segmentation, a process 
which is to be looked upon as a form of asexual reproduction (bud- 
ding in the direction of the long axis). Since, however, it is the body 
of the Scolex which undergoes growth and segmentation, it seems 
most natural to assume the individuality of 
the entire chain, and to subordinate to this 
the individuality of the proglottides. The 
development of the tape-worm is then to be 
explained as a metamorphosis, characterised 
by the individualization of certain stages of 
the development. It is only in those cases 
in which the young form produces a number 
of heads that the development can be ex- 
plained as a case of alternation of genera- 
tions. 

The development of some tape-worms pre- 
sents considerable simplifications. In the 
cysticercus stage the vesicle frequently dimin- 
ishes to an excessively small appendage, and the Cysticercus becomes 
a eysticercoid form, in which one portion bearing the embryonic hooks 
is distinct from a larger part which represents the scolex (figs. 271, 
272). In other cases the embryo becomes a Scolex directly without 
passing through a cystic stage, so 
that the Scolex stage is merely a 
late stage of the embryo ( Bothrio - 
cephalic). The segments produced 
from the Scolex also show very 
different degrees of individuality, 
and finally are sometimes not deve- 
loped at all. In the latter case 
( CaryophyllcevA ) the head and body 
cannot be sharply distinguished from 
one another, and represent only one 
single individual comparable to a 
Trematode and characterised by its 
single generative apparatus. Its development is to be looked upon 
as a metamorphosis completing itself in one individual. 

Fam. Taemiadse. The armature of the head consists of four muscular suckers, 
to which is frequently added a single or double circle of hooks on the rostcllnm. 



Fig. 272. — EchmoooocusAikb Cytticerwid 
from the body cavity of tho Earth- 
worm (after E. Metschmkoff). a. 
Brood- capsules with three Cysticer- 
coids. 6, Cysticercoid with evaginated 
head. 



Fig. 271. — Cyrticrrcoul of 

Ttrnia mcnmei'ina, magni- 
fied 00 times (after R. 
Leuckart). 
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The proglottides have a marginal sexual opening. The vagina is usually long, 
separated from the utenis, and enlarged at the end to form a rcceptaculum 
seminis (fig. 265). The young stages are Cysticcrci or Cysticercoids, rarely quite 
without caudal vesicle ; parasitic in warm and cold-blooded animals. 

Teen i a L. {Cystotrcnia It. Lkt). Development takes place with large vesicles. 
The heads arise from the embryonic vesicle itself. 

71 solium. L. 2 — 3 metres long. The double circle of hooks is composed of 26 
hooks. The ripe proglottides are 8 — 10 mm. long and 6 — 7 mm. broad ; the 
uterus has 7 — 10 dendritic branches. It lives in the human intestine. The 
bladder-worms belonging to it {Cysticercus celluloses) live principally in the 
dermal cellular tissue and in the muscles of pigs, but also in the human body 
(muscles, eyes, brain), in which self-infection with them is possible if a 
Tcpnia is present in the digestive canal ; more rarely in the muscles of the 
Roe-deer, the Dog. and the Tat. In the human brain the Cysticercus acquires 
an elongated form, and sometimes does not produce a head. 

71 naginata Goezc~* medioca nellata Kiichenm., in the intestine of Man, distin- 
guished by the older helminthologists as a variety of 
71 solium. Head without circle of hooks or rostellum, 
hut with four more powerful suckers. The Ta^ie- 
worm icachcs a length of four metres, and becomes 
much stronger and thicker. The mature proglottides 
are about IS mm. long and 7 — 9 mm. broad. The 
uterus forms 20 — 35 dichotomous side branches. 

The Cyst tee reus lives in the muscles of the ox (fig. 

273). It appears to be principally distributed in 
the wanner parts of the Old World, but is often 
found in great numbers in many places in the north. 

71 scrrataG oeze, in the intestinal canal of the dog. 

The Gysticercus is known as Cysticercus pise if or mis 
m the liver of the Hare and Rabbit. T, crassicolhs 
Rud. in the Oat. with Cyst ice revs fasciolar is of the 
common mouse. 71 manjinata Ratsch. of the Dog 
(butcher’s dog) and Wolf with Cysticcrcus tennicol- Fm * -73 .—Cystioercu* of ' 

Us from Ruminants and Pigs, and occasionally in mahocanellafa , 

Man {Cyst, nscerahs). T. eras Sleeps Rud. in the is protruded. 

Fox with Cysticcrcus lonyicollis from the thoracic 

cavity of the Fieldmouse. 71 caemtrus v. Sieb. in the intestine of the sheep-dog, 
with Ccennrus cerebral is in the brain of one year old sheep. The presence of 
CtrnwruK in other places has been stated, as for instance in the body cavity of 
the Rabbit. 71 teunicollis llud. in the intestine of the Weasel and the Pole-cat, 
with a () ystieercus which, according to Kiichenmeister, lives in the hepatic 
ducts of the Field-mouse. 

Echinoooccifer Weinl. 'The heads bud on special brood-capsules, in such a 
way that their invagination is turned towards the lumen of the vesicle (fig, 
269). 71 echinococcus v. Sieb. (fig. 270) in the intestine of the dog, 3—4 mm. 

long, forming but few proglottides. The hooks on the head are numerous but 
small. Its Bladder- worm is distinguished by the great thickness of the stratified 
cuticula. It lives as Echinococcus principally in the liver and the lungs of Man 
(JS. hominis ) and of domestic animals (E. vettrinomm). The first form is also 
distinguished as E. altriciparwns on account of the frequent production of 
primary and secondary vesicles ; it usually reaches a very considerable size and 
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has a very irregular shape ; while that form which inhabits domestic animals, 
E. scolicipar tens, more frequently retains the form of the simple vesicle. 
Finally these echinococcus cysts frequently remain sterile, in which case they 
are called A ce phalocysts. Another and indeed pathological form is the so- 
called multilocular Echinococcus , which was for a long time taken for a colloid 

cancer. Tt is also found in Mammalia (in 
cattle), and here presents a confusing re- 
semblance to a mass of tubercles. The 
echinococcus disease ( hydatid plague') was 
widely spread in Iceland. This disease 
likewise seems endemic in many places in 
Australia. 

T. (Microtaenia). The Cystirrrcoid form 
is small, and has but little fluid in the small 
portion which corresponds to the vesicle. 
The head is small, but has a small club- 
shaped or proboscis-like rostellum, and is 
furnished with weak hooks. The eggs are 
provided with several membranes. The 
embryo is usually furnished with large 
hooks. The Cysticercoid stages live prin- 
cipally in Invertebrates (in Slugs, Insects, 
etc.), and more rarely in cold- 1 flooded 
Vertebrates (the Tench). T. cucumerina 
Bloch, in the intestine of dogs (house 
dogs). The Cysticercoid is entirely without 
the caudal vesicle, and lives (according to 
Melnikoff and R. Leuckart) in the body 
cavity of the Dog-louse ( Trichodcctes canis). 
The infection with the Cysticercoids takes 
place when the dog swallows the parasites 
which are annoying him, while the para- 
sites swallow the eggs contained in faeces 
adherent to the hair of the dog. Nearly 
allied is 1\ elliptU‘a Batsch. in the intestine 
of the Cat, occasionally in that of Man. 
T. nana Bilh. v. Sieb. in the intestine of 
the Abyssinians, hardly an inch long. T. 
flaropunctata Weinl. in the human intestine 
(North America). The Cysticercoids of the 
Meal-worm are probably developed into 
tape-worms in the intestines of Mice and 
Rats. 

In other partially unarmed Ttcnias the 
generative organs and development are as 
yet not accurately known ; such arc— T. 
perfoliata Goeze, and T. plicata Rud. in the horse ; T. pcctinata Goeze, in the 
hare ; T. dispar Rud. in the frog ; T. espama Im. in the ox. 

Fam. Bothriocephalidae. With only two suckers, which are weak and flat. 
The generative organs, as a rule, open upon the surface of the proglottis. The 
proglottides do not become detached singly. Hydatid stage represented by 
an encysted Scolex. 



Fig. 274 a.- 


- JBotkriocephalu * latue (after 
R. Leuckart). 
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Bothrtocejphalws Brems. Segmented body. Head with two pits, without 
hooks. The genital openings are on the middle of the ventral surface. The 
young stage usually in fishes. J3. latu* Biems., the largest of the tape- worms 
paiasitic in man, twenty-four to thnty feet m length, principally found in 
Russia, Boland, Switzerland, and South France. The sexually mature segments 
are broader than they are long (about 10 — 12 mm. broad and 3 — 5 mm. long). 
They do not become detached singly, but in groups (fig. 274). The segments 
of the hindermost portion of the body are, how- 
ever, narrower and longer. The head is club- 
shaped, and is provided with two slit-like pits. 

The cortical parte of the lateral regions of the 
body contain a number ot round masses of 
granules, the yolk-glands (fig. 275, Ztef), the 
contents of which are jioured into the shell 
glands (coiled glands) tlnough the so-called 
yellow ducts. 

The genital openings lie close togethei, one 
behind the other, in the midst of the segment 
(fig. 275, a). The anteiior and larger belongs to 
the male genciatrve apparatus, and leads into the muscular terminal portion 
of the vas deterens, which is enclosed in the cirrus sheath and can be eva- 
ginated as the cirrus (fig. 275. (It). The vas deferens ]ust before its entrance 
into the emus pouch is dilated (fig. 275 b) to form a large muscular swelling 
(the \esicula scmmalis 1). It then becomes coiled, and passes in the direction 



a 



Fig. 276. — Generative oignns of a sexually niafcme pi oglottis ot Bothriocephalic lafns (after 
Sommer and R Louckarl) , a, fiom the ventral surface, b, from the dorsal surface Ov 
and v, ovary; Ut, uterus ; Sd, shell gland , Del, vitellarium (yolk gland), Va, vagina with 
opening , T, testis , Cb, pouch of the cirrus , Vd, vas deforens. 

of the long axis of the segment on the dorsal surface and divides into two 
‘side branches. These receive the efferent canals of the delicate testicular 
t,acs > which occupy the lateial parts of the middle layer (5T). The female 
genital opening (fig, 275 a ) leads into a vagina ( Va) situated behind the pouch 
ot the cirruR, and frequently filled with semen. This vagina runs as a tolerably 

22 
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straight median canal on the ventral surface, and opens by a short, narrow tube 
into the oviduct. The vagina also functions as a rectptarvlum seminU, There 
is yet a third opening (fig. 275, a), situated at some distance behind the other 
two ; this is the opening of the tubular uterus (Ut), the convolutions of which 
give rise to a peculiar rosette-shaped figure in the midst of the segment 
( Wajtpml ilie Pallas). Close to the hind end of the segment the ducts of the 
yolk-glands (Dst) and of the ovaries (Or) unite with each other and open into 
the uterus ; the cells of the shell-gland (>Sr/) surround and open into t lie point 
of junction of these structures. Behind the uterus, and partly among its 
posterior lateral horns, lie the so-called coiled glands ; and at its sides are 
the so-called lateral glands (Eschricht). The latter are, according to Eschricht, 
the ovaries or germaria (formerly held by Leuckart to be the vitellaria). 
The coiled glands (Tieuckart’s ovaries), an aggregation of pear-shaped cells, 
were considered by Stieda. with whom Landois and Sommer are in accord, to 
be a shell gland (fig. 275). 

The ova are for the most part developed in water, and escape from the upper 
pole of the egg-shell through a lid-like valve. The escaped embryo is covered 
with cilia, by means of which it swims about for a long time. Hence it is 
probable that the later stages of development take place in an aquatic animal, 
ft is unknown how and in what host the embryo with six hooks becomes a 
Scolex ; and the question how this tape-worm gets into the human body — in 
spite of the researches of Knoch. who maintained that they appeared there 
directly and without the intervention of an intermediate host — is still un- 
decided. j 8 . cord at ns Lkt. With large, heart-shaped head, without a filiform 
neck ; with numerous deposits of calcareous bodies in the parenchyma. It 
attains a length of about three feet and lives in the intestines of man and of the 
dog in Greenland. 

iSehist or eph alnx ( ‘repl. Head split, with a sucker on each side. The body 
of the cestoid form is segmented. S. solidus Grepl. Lives in the body cavity 
of the stickleback, escapes into the water, and becomes sexually adult in the 
intestine of water-birds. TrUrnopharus Ilud. Head not distinct, with two 
weak suckers and with two pairs of tridentate hooks. The body has no external 
segmentation. The generative openings are marginal. T. nodulosus Ilud. In 
the intestine of the pike. Asexual encysted form in the liver of Cyprinv #. 

Fam. Ligulidae ( Psrud op InjUider). Without real suckers. Hooks are either 
present or absent. The Cestoid has no segmentation, but the generative organs 
are repeated. They live in the body cavity of Teleosteans and in the intestine 
of birds. Ligula Bloch. Body band-shaped and unsegmented. 7,. sitnpli- 
cissima Hud., in the body cavity of fishes and in the intestine of aquatic birds. 
X. tuba v. Sieb., in the intestine of the Tench. 

The families of the Tetrarhynchid® (Tctrarh t/nchns lingual is, Cuv., passes 
its young stages in Soles, and is matured in the intestine of Hays and Dog-fish), 
and Tetraphyllid® ( dJck i neibothr in m mini mum van Ben.) are allied here. 

Fam. Caryophyll®id®. Bixly elongated and unsegmented. The anterior 
margin is plicated. There are no hooks, and there are eight sinuous longitu- 
dinal canals of the excretory system. Generative organs single. The develop- 
ment is a simplified metamorphosis. Giryopht/llcrus mutabilis Hud., in the 
intestine of Oyprinoidx. The young form jxissibly lives in Tuhifr.r rhmlormi , 
if the Helminth observed by d’Udekem was the same. In this worm, however, 
there lives another parasite, which was observed by Katzel and has recently 
been more closely investigated by K. Leuckart, who has shown that it is 
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a sexually mature Cestoid still fixed by au appendage bearing the embryonio 
hooks. Arch iff Hex Si r bold i i Lkt. With two weak suckers and a caudal 
appendage. 

Order 4. — Nemertini* = Rh ynciioccela. 


Elongated , frequently band-shaped Plat yhel minifies, with straight 


alimentary canal opening by an anus , and with 
a separate protrusible proboscis. Usually with 
two ciliated pits in the ceplmlic region. The 
sexes are separate . 

The Nernertines are distinguished not only 
by their elongated form, but also by their con- 
siderable size and high organization. Thick 
layers of muscles, traversed by connective tissue, 
are spread beneath the integument, which con- 
tains pigment as well as flask-shaped mucous 
glands. The external layer of longitudinal 
muscles, strongly developed in the Anopla , is 
wanting in the Enopla (Nernertines, the probos- 
cis of which is armed with stylets), in which 
group there is only an outer layer of circular 
muscles and an inner layer of longitudinal 
muscles. A long tubular protrusible proboscis, 
which is sometimes armed with stylet -shaped 
rods, is always found at the anterior end of the 
body above the buccal cavity, and projects 
through a special pneoral opening (tig. 27b), and 
can be retracted into a special muscular sheath 
separate from the body cavity. At the bottom 
of the principal portion of the proboscis, there 
is in many Nernertines (Enopla) a large spine, 
which is directed forwards, and at its sides 
numerous small secondary spines in pouches. 
The posterior glandular portion of the proboscis, 
to which retractor muscles are attached, is, 
according to Clapar&de, to be regarded as a 



Fig. 2 76. — Tstrartemma 
obucKnnn (after M. 
Schultze). Young 
specimen n bout 3 lines 
m length ; O, mouth ; 
D, intOHtme ; A, anus ; 
Bg, blood vessels ; It, 
proboscis armed with 
stylet ; Ex, lateral 
trunks of the exere- 


poison apparatus. When the prolx>scis is pro- 


tory Hystem ; P, ex- 
cretory p o r e ; (f. 


ciliated pit ; Nc, nerve 

A. de Quatrefages, “ Memoire sur la famille des centre ; S», lateral 

Nernertines,” Ann. dt‘S Sc JVat.. Ser. 8, Tom. VI., 184(5. nerve trunks; Oc, 

McIntosh, “ On the Structure of the British Nemerto- eyes, 
ans,” Transact. Edinb. ltoyal Sac ., Tom XXV., U2. 

Barroih, “ Memoire sur l’Embryologie des N6mertes,” Paris, 1877. Hubrccht, 
Untersuchungen fiber Nemertinen, etc.,” Aiederl. Arohiv ., Tom. II. 
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truded, it is inverted like the linger of a glove, so that the blind 
end at which the spines are placed becomes the extreme front end 
of the protruded proboscis. 

The brain attains a considerable development. Its two halves are 
connected by a double commissure which embraces the proboscis, and 
in them several lobes, usually a dorsal and ventral, may be distin- 
guished. The two ventral lobes are produced into the two lateral 
nerve trunks, which in certain cases ( Oerstedtia ) may approach 
each other on the ventral surface. The nerve trunks contain not only 
fibres but also a superficial layer of ganglion cells, which may give 
rise to ganglion-like enlargements at the points of exit of the nerve 
branches. In the embryos of Prosoroclimm Claparedii the nerve 
trunks are said to end in an enlargement. In the cephalic region 
there are two strongly ciliated depressions known as the cephalic 
slits, beneath which special lateral organs, supplied with nerves from 
the brain or it may be posterior lobes of the brain itself, are placed. 
These structures are probably sense organs. The cephalic slits were 
formerly erroneously taken for the openings of respiratory organs. 
Eyes are widely distributed, and usually consist of simple pigment 
spots which rarely contain refractive bodies. Exceptionally, as 
in Oerstedtia pallida , two otolithic vesicles are found on the 
brain. 

The Nemer tines, unlike all other Platyhehninthes , possess a blood- 
vascular sy.^tem. This consists of two sinuous lateral vessels in 
which the blood flows from before backwards, and a straight dorsal 
vessel in which the blood flows in the reverse direction. This latter 
is connected with the ventral vessel at the posterior end of the body 
and in the region of the brain by wide loops, and in the rest of its 
course by numerous narrower transverse anastomoses. These vessels 
lie in the body cavity and have contractile walls. The blood is 
usually colourless, but in some species it is red. In Amphiporns 
splendens, Borlasia splendid a, the red colour (haemoglobin) is con- 
tained in the oval disc-shaj>ed blood corpuscles. 

The Nemer tines are, with some few exceptions ( Borlasia herwui- 
phroditica ), dioecious. The two kinds of generative organs have the 
same structure, and are sacs filled with ova or spermatozoa lying in 
the lateral portions of the body between the pouches of the intestine, 
and opening to the exterior by paired openings in the body wall. 
The ova, when laid, frequently remain connected by a gelatinous 
substance, and are deposited in irregular masses or in strings, from 
the middle of which the animal creeps out, like the leech out of its 
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cocoon. Some forms, as Prosorochmus Claparedii and Tetrastemma 
obscurum, are viviparous. 

Some of the Anopla develop with a metamorphosis. The larva is 
ciliated and 
may pass 
through a 
free - swimming 
stage, in which 
case it is known 
as the Pili- 
dium , or it 
may be without 
such a stage 
( Type of Deso'r). 

In both cases 
the perfect 
worm is deve- 
loped within 
the skin of the 
ciliated larva. 

The Pilidium larva is helmet-shaped, and was formerly described as 
the species of a supposed independent genus, Pilidium, and presents 

many analogies to the 
Echinoderm larva. In the 
case of the Pilidium, the 
segmentation is regular, 
and results in the formation 
of a spherical ciliated em- 
bryo, which is hatched and 
becomes a free-swimming 
larva, the archenteron is 
then formed by invagina- 
tion ; and at the side of the 
embryo, opposite the blasto- 
pore, a long flagellum is 
developed (fig. 277, «). On 
each side of the mouth a 
broad lobe grows out, the 
edges of which are fringed 
with cilia (fig. 277, b). 
Two pairs of invaginations of the ectoderm now make their appear- 



Fig. 278 —Later stage of Pihdmm, with tuft of cilia 
and enclosed Nemertine (after Butschli) , Oe, 
<Bsophagus, 7>, alimentary canal , Am, amnion, 
jR, rudimentary proboscis of the Nemertine, So, 
lateral pit 


b 



Fig 277 — Pilidium (after E MetBChmkoff) a, free swimming laiva 
with mvaginated ca\ity , b, latei stage, helmet- shaped , E, E' the 
two pairs ot ectodeimal invaginations, D, alimentary canal 
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ance, forming the first rudiment of the Nemertine body. The four 
discs so formed fuse together and give rise to a ventral germinal 
plate, which gradually grows round the alimentary canal of the 
Pilidium to form the skin of the future Nemertine. The proboscis 
arises as an invagination of the anterior end of the germinal plate 
(fig. 278). The young Nemertine subsequently breaks through 
the larval skin. 

The Nemertines live principally in the sea, under stones in the 
mud, but the smaller species swim about freely. There are also 
forms which live on the land, as well as pelagic forms. Certain 
species form tubes and passages, which are lined with a slimy secre- 
tion. The food of the larger species principally consists of tubicolous 
worms, which they extract from their habitations by means of the 
proboscis. There are, however, parasitic Nemertines which infest 
Crustacea or live on the mantle and gills of Mcllusca. In this case 
they are, like the Hirudinea , furnished with a posterior sucker 
( Malacohdella ). The Nemertines are distinguished by their repro- 
ductive capacity and by their tenacity of life. Mutilated parts are 
quickly regenerated, and the parts into which certain species readily 
break are said to have the capacity, under favourable conditions, of 
developing into new animals. 

1. Sub-order: Enopla. — The proboscis is armed with stylets. 
The short, often funnel-shaped cephalic slits are connected with 
lateral organs, which correspond to the posterior cerebral Jobes of 
the Anopla . In the brain the upper lobes are slightly elongated 
posteriorly leaving the ventral lobes, from which the lateral nerves 
arise, quite free. Development takes place without metamorphosis. 

Fam. Amphiporid®, The ganglia arc more rounded, the lateral nerve 
trunks are placed inside the dermal muscles. The mouth is on the ventral 
surface near the anterior end of the body, in front of the commissures between 
the ganglia. The lateral organs are separated from the brain and connected 
with it by fibres ; they contain a narrow water canal. Ampliiporns larfijforntx 
Johnst. Lives under stones, and is distributed from the North Seas to the 
Mediterranean, 3 — + in. long. A. Xpert a hilts Quatr. Horlaxia splendid a Kef., 
Mediterranean, and Adriatic. Trtraxtrnuna olsrunun M. Noli. Viviparous : 
Baltic. T. (uj viral a Will. Sulim., terrestrial. Krm< rtrx (jr aril is Johnst. 

2. Sub-order : Anopla. — The proboscis is unarmed. The long 
cephalic slits occupy the whole side, or the anterior part of the head, 
and lead into the lateral organs, which are direct processes of the 
upper lobes of the brain. Development frequently by means of 
ciliated lame. 
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Fam. Lineidae. Gauglion elongated. The head has deep slits on either side. 
Line us mar inns Mont., L. laigissimu* Sim. (sea long-worm, Borlaxia anglica 
Oerst., Nemertes Borlaxii Cuv.), grows to a length of 15 feet and more. 
English coast. Cercbrntulus marrj i uatux = Mechel la ftomatotomux F.S. Lkt., 
Adriatic and Mediterranean. Mirrura fasciolata Ehrbg., North Seas to the 
Adriatic. 

Fam. CephalotrichidaB. Cephalic slits and lateral organs are wanting. Head 
not distinct, very long and pointed. Cephalothrix Inorulata Oerst. Sund. 

MalacobdeUa gvoxm O. Fr. Mull. Body broad and fiat, with posterior sucker. 
Is parasitic in the mantle cavity of various Mollusca, as Mga, Cuprhui, etc. 


CLASS IT.— NEMATHELMINTHES. 

Round worms with tubular or filiform bodies. The cuticle is fre- 
quently ringed. The anterior pole is either firmed with hooks or 
pi'ovided with papilla. The sexes are separate. 

The unsegmented body is rounded, more or less elongated, tubular 
or filiform, and both ends are, as a rule, tapered off. Appendages 
are always wanting, as are, with few exceptions, movable bristles. 
On the other hand, special organs for attack and attachment, such 
as teeth and hooks, are not unfrequently present on the anterior 
end of the body ; and in some cases small suckers, which serve for 
attachment during copulation, may be developed on the ventral 
surface. As a rule, the integument possesses a cuticular layer of 
lelatively considerable thickness, and a well developed muscular 
layer, which permits not only of the body being knotted, curved, and 
bent, but, in the thin filiform Nematoda , of undulatory movements. 
The body cavity is enclosed by the muscular body wall, and con- 
tains the blood fluid and the digestive and generative organs. 
Blood vessels and respiratory organs are wanting. A nervous 
system is, however, always present. Of sense organs simple eyes 
are not unfrequently present in the free living forms. The sense 
of touch is probably distributed all over the surface of the 
body, particularly on the anterior end, especially when papilla* 
and lip-like prominences or bristles are found on it. While in the 
Acanthocephala mouth and alimentary canal are completely absent, 
the Nematoda possess a mouth placed at the anterior pole of the 
body, an oesophagus, and an elongated straight digestive canal, which 
usually opens by the anus on the ventral surface near the pos- 
terior end of the body. The excretory organs have various forms, 
and always differ considerably from those of the Platodes. In the 
Nematoda they consist of paired canals, which open by a common 
pore and lie in the so-called lateral lines. In the Acanthoce - 
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phala they are branching subcutaneous canals. With a few excep- 
tions the Nemathelminthes have separated sexes, and develop 
directly without metamorphosis. The larvae and sexual animals are 
not unfrequently distributed in two different hosts. 


a O 



Fig. 279 . — Oxyunt vermtculartt 
(after R. Leuckart). a, female; 
0 , mouth , A, anus ; V, genital 
openmg ; b, male with curved 
posterior end; c, the latter 
enlarged; Sp, spiculum; d, 
egg with enclosed embryo. 


The majority of the Nemathelminthes 
are parasites either during the whole period 
of their life or at different stages. There 
are, however, also free living forms which 
often show the closest relationship to the 
parasitic members of the group. 


Order 1 . — Nematoda (Thread-worms).* 

N 'ematlielminthes y with mouth and ali- 
mentary canal. They are principally 
parasites. 

The Nematodes possess an extremely 
elongated thread-like body, which may be 
provided with papillae at the anterior pole 
in the region of the mouth, or with hooks 
and spines within the oral cavity. The 
mouth leads into a narrow oesophagus, 
which usually has thick muscular walls, a 
chitinous lining, and a triangular lumen, 
and is frequently dilated behind to a 
muscular bulb (pharynx). In certain 
genera ( Rhahditis , Oxyuris), the chitinous 
lining of the pharynx is raised into ridges 
or tooth-like prominences, to which the 

* Besides the older writings of Rudolphi. 
Bremser, Cloquet, Pujardm. compare Diesing, 
“ Systema helminthum,” 2 Bde Wien, 1850-51. 
Dieting, “ Revision don* Nematoden,” Wiener 
SitzwiffxbericJitr, I860. Clapar&de, “De la for- 
mation et de la fecondation des oeufs ehez les 
veis Nematodes,” Geneve, 1868. A. Schneider, 
“Monographic der Nematoden,” Berlin, 1866. 
R. Leuckart, “ Untersuchungen iiber Trichina 
spiralis,” Leipzig and Heidelberg, 1868, 2nd 
edition ; also “ Die mensehlichen Parasiten,” etc., 
Tom. II., Leipzig and Heidelberg, 1876. (laus, 
“ Ueber Leptodera appendiculata,” Marburg. 
1868. O. Biitschli, tm Untersuchungen iiber die 
beiden Nematoden der Periplaneta orientals, ” 


Zeitzxclir. fiir lVi#x. Zool ., Tom. XXI., 1871. And “Beitrage zur Kenntniss 
des Nervensystems der Nematoden.” Archie, fiir Miltr Anatom ie, Tom X. 
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radial muscles converge in the form of conical bundles. Accord- 
ing to its function, the oesophagus is essentially a suctorial tube, 
which pumps in fluids, and by peristaltic action passes them on to 
the intestine. The intestine follows the pharynx, and opens by the 
anus not far from the hind end of the body on the ventral surface 
(fig. 279). Its walls are formed of cells and are non-muscular, 
except behind, where they have a special investment of muscular 
fibres which render the terminal portion contractile. Muscular 
fibres passing from the body wall to the wall of the rectum are also 
frequently present. In certain Nematodes the anus may he want- 
ing ( Mermis ) ; and in Gordius even the alimentary 
canal undergoes degeneration. 

Beneath the stiff cuticle, which is often trans- 
versely ringed, and is composed of several layers, 
lies a soft granular nucleated sub-cuticular layer 
( hypodennis ), which is to be regarded as the matrix 
of the former. Beneath this lies the highly deve- 
loped muscular layer, in which band-shaped or fusi 
form longitudinal muscles predominate. The surface 
of the body may present markings, as for instance 
polyliedric spaces and longitudinal ribs, also pro- 
cesses in the form of tubercles, spines,* and hairs. 

Ecdyses, i.e ., shedding the cuticular layei, seem 
only to occur in the young forms. The muscles 
are each composed of a single cell, in which two 
parts are distinguishable,- —a clear, sometimes a 
granular protoplasmic portion (medullary sub- 
stauce), which projects into the body cavity and 
is often prolonged into processes ; and an external 
fibrilluted layer (fig. 280). The Nematodes may Fl c G ell 2 0 7 a ^^' 
be distinguished as Meromyaria or Poly my aria, 
according to the arrangement of their muscular system. In the 
Meromyaria the number of muscle cells (which are arranged 
according to definite laws) in the cross section is small (eight), 
while in the Polymyaria their number is considerable. In the latter 
the muscle cells are often connected together by transverse processes 
of the medullary substance, which unite on the so-called median 
lines to form a longitudinal cord. 

* There may also be prominences of various kind*, and even in some cases a 
complete covering of spines ( Clieiracanthug Dies *■ Qnathostoma Ow., Ch. 
htfipidurn Fedsch.) 




346 


NEMATHJBLMINTHES. 


In almost every case, with the exception of Gordius , two lateral 
regions remain free from muscle and form the so-called lateral lines 
or regions , which may equal in breadth the neighbouring muscular 
regions. These lateral regions are formed of a finely granular 
nucleated substance, and enclose a clear vessel containing granules. 
This vessel is connected with that of the opposite side in the anterior 
part of the body, and the two open by a common transverse slit, the 
vascular pore , on the venti*al surface in the median line. The 
lateral lines have the value, both as regards position and structure, 
of excretory organs . Median lines ( dorsal and ventral ), accessory 
median lines (sub-median lines), the Latter being placed between 
the principal median line and the lateral line, are also to be dis- 
tinguished. The so-called vent ral cord of Gordius , which may be 
compared to the median line and has perhaps the srgnificance of an 
elastic rod, is very large. Cutaneous glands, in the form of unicel- 
lular glands, have been observed principally in the region of the 
oesophagus and in the tail. 

The nervous system, owing to the difficulty which its investigation 
offers, has only been satisfactorily recognised in a few forms. It con- 
sists of a nerve ring surrounding the oesophagus, and sending off 
posteriorly two and anteriorly six nerve trunks (A scar is megalo- 
cephala). The posterior trunks run in the dorsal and ventral lines 
(xV. dorsalis , vent red is ), to the extremity of the tail ; while of the 
six anterior nerves, two run in the lateral lines (iV. lateral es), four 
in the interspaces between the lateral and median lines (A. sub - 
niediani), and supply the papillae around the month. The ganglion 
cells lie partly near, in front of and behind the nerve ring, partly 
on the fibrous cords themselves, and are arranged in groups which 
can be distinguished as ventral, dorsal, and lateral ganglia. There 
are in addition groups of ganglion cells in the median lines and in 
the lateral lines in the caudal region. 

As sense organs we must mention the eyes found in the free- 
living Nematoda, and the papillae and tactile hairs found principally 
in the neighbourhood of the mouth. Each papilla is supplied by 
one nerve fibre, which is swollen to a knob and forms the axis of 
the papilla. 

[The Nematoda jxjsscss a Ixxly cavity, but aie without any trace of a vas- 
cular system.] 

Generative organs. The Nematodes are dioecious (with ex- 
ception of the herraaphodrite Pelodytes , and of the Ithabdonema 
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(Ascaris) niyrovenosum , which produces first spermatozoa and later 
ova). The males are characterised by their smaller size, and by the 
posterior end of the body being generally curved. Both kinds of 
generative oigans consist of single or paired and often much coiled 
tubes, at the upper end of which the generative products are de- 
veloped, the lower ends representing the efferent ducts and recep- 
tacula of the generative products. The usually paired ovarian tubes, 
at the upper ends of which the ova arise, terminate in a short 
vagina, which opens on the ventral surface, rarely near the posterior, 
end of the body. The male generative apparatus, which contains 
hat-shaped spermatozoa, is almost invariably represented by an 
unpaired tube, and usually opens on the ventral surface near the 
posterior end of the body in a common opening with the intestine. 
As a rule, the common cloacal portion contains two pointed chitinous 
rods, the so-called s])icnla f in a pouch-like invagination. These 
spicula can be protruded and retracted by a special muscular ap- 
paratus, and serve to fasten the male body to the female during 
copulation. In many cases ( Strong ylida >) an umbrella like bursa is 
added, or the terminal portion of the cloaca can be protruded like 
a penis {Trichina) ; in this case the cloacal aperture lies almost at 
the extreme end but is still ventral ( Acrophdtti ). In the male 
papilla* are almost always present in the region of the posterior end 
of the body, and their number and arrangement afford important 
specific characters. 

Development. The Nenuitoda for the most part lays eggs ; it is 
only in rare cases that they bear living young. The eggs usually 
possess a hard shell and may be laid at different stages of the 
embryonic development or before it has begun. In the viviparous 
Nematodes the eggs lose their delicate membranes in the uterus of 
the mother ( Trichina , Filar ia). Fertilization takes place by the 
entry of a spermatozoon into the ovum, which is still without a mem- 
brane. The segmentation is equal, and leads to the formation of 
a kind of invaginate gastrula. From the two cell layers are de- 
veloped the body wall and the alimentary canal. The embryo 
gradually assumes an elongated cylindrical form, and comes to lie 
rolled up in several coils within the shell. The excretory pore and 
the rudiments of generative organs, as well as a nerve ring, are 
present in the embryo, which is also provided with mouth and 
anus. The free development is a metamorphosis, usually com- 
plicated by the circumstance that it is not undergone in the habitat 
of the mother. The young stages or larva*, probably of most Nema- 
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todes, have a different habitat to that of the sexual animal; the 
young and the adult Nematode being contained in different organs 
of the same or even of different animals. The larvae live for 
the most part in parenchymatous organs, either free or encysted 
in a connective tissue capsule ; the adults, on the contrary, live 
principally in the alimentary canal. 

The embryo is almost invariably characterised by the special form 
of the oral and caudal extremities, but sometimes also by the posses- 
sion of a boring tooth, or of a circle of spines (Gordius). Sooner 
or later the skin is shed, and the animal enters its second stage, 
which may often still be considered as a larval stage; repeated 
ecdyses precede the sexually adult stage. 

The post-embryonic development of the Nematodes presents 
numerous modifications. In the simplest cases the embryo, while 



strll enveloped in the egg mem- 
branes, is transported passively 
in the food ( Oxyuris vermicular is 
and Tr ich ocephedus ) . In many 
A scar idee — to judge by the species 
parasitic in the Cat — the em- 
bryos, which are provided with 
a boring tooth, first make their 
way into an intermediate host, 
by which they are transported 


Fig. 2H\.Sc!rro*tom«m Mrutanthum, en- mto the intestine of the second 
eysted (aftei R. Leuckart) 

host with the food or water. 


More frequently the young forms encyst within the intermediate 
host, and, enclosed in the cyst, are transferred into the stomach and 
intestine of the permanent host (fig. 281 ). For example, the embryos 
of Spiropteret obtusa of the Mouse, while still in the egg membranes, 
are taken with the food by the Meal-worm, in the body cavity of 
which they encyst. In the viviparous Trichina spired is there is a 
modification of this mode of development inasmuch as the migration 
of the embryos and their development to the encysted form found 
in the muscles (muscle-trichina) take place in the same animal 
which contains the sexually mature intestinal Trichinas. 

The development of the Nematode larvae often makes a considerable 
advance within the intermediate host into which they have migrated. 
Thus, for instance, in Cucullanus eleyaus , the embryos migrate into 
the Cyclops, and in the body cavity of these small Crustacea undergo 
two ecdyses and essential alterations of form, obtaining at this early 
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stage the characteristic oral capsule of the sexually adult stage, to 
which they only develop in the intestine of the Perch. According 
to Fedschenko,* a similar mode of development occurs in Filaria 
medinemis. The embryos pass i into puddles of water, and migrate 
thence into the body cavity of the Gyclopidce ; and after casting their 
skin assume a form which, except for the absence of the oral capsule, 
resembles that of the larva of Cucullunus. After the expiration of 
two weeks there is another ecdysis, with which is connected the loss 
of the long tail. The later history is unknown. It has not yet 



maturity of tho male products ; Q, genital glands ; 0, mouth ; i>, intestine ; A, anus ; JV, 
nerve-ring ; Drz % glandular cells ; Z y isolated spermatozoa, b, Male and female Rhibditis 
forms from about 1 o mm. to 2 mm. long ; Or, ovary ; T, testis ; V, female genital opening ; 
Sp, spicula. 


been discovered whether the migration of the Filaria n larva into 
the permanent host (Man, see p. 356) takes place with the body of 
the Cyclops, or independently after copulating in the free state. 

The embryos of some Nematoda develop in damp muddy earth, after 
casting their skin, to small so-called Rhabditis forms with a double 

* Compare Fedschenko, “ Ueber den Ban and Entwicklung der Filaria 
medinensis,” in the Jierichten der Freunde der Natnrudssemchaften in Moxltav , 
Tom VIII. and X. 
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enlargement of the oesophagus and with a pharynx armed with three 
teeth. They lead an independent life in this habitat, and finally 
migrate to lead a parasitic life within the permanent host, where, 
after several eodyses and alterations of form, they attain the sexually 
mature condition. This mode of development occurs in Dochmius 
trigon ocej)h alus from the intestine of the dog, and very probably in 
the nearly allied D. (Ancylostomum) dvodenalis of man, and also in 
Sclerostomum. 

The offspring of parasitic Nematodes may, however, attain sexual 
maturity in damp earth, as free Rhabditis forms, and represent a 
special generation of forms whose offspring again migrate and become 
parasites. Such a life history is a ease of heterogamy. It occurs 
in Rhabdonema ?ii grove nosum, a parasite in the lungs of Batrachians. 
These parasites, which are about half to three-quarters of an inch 
long, all have the structure of females, but contain spermatozoa, 
which are produced (as in the viviparous Polodgtes) in the ovarian 
tubes, but earlier than the ova. They are viviparous. The embryos 
make their way into the intestine of their host, and accumulate in 
the rectum, but finally pass to the exterior in the faeces, and so 
reach the damp earth or muddy water, where they develop in a short 
time into the Rhahditis-Yike forms, which have separate sexes and 
are barely 1 mm. in length (fig. 282, a and b). The impregnated 
females of the latter produce only from two to four embryos, which 
become free inside the body of the mother, pass into her body cavity, 
and there feed on her organs, which disintegrate to form a granular 
detritus. They finally migrate as slender, already tolerably large 
Nematodes into the lungs of the Batrachla, passing through the 
buccal cavity and glottis. The Leptodera appendiculata , which lives 
in the slug Avion empiricomcm , also presents in its development a 
like alternation of heteromorphic generations, which, however, are 
not strictly alternating, inasmuch as numerous generations of the 
Rhabditis form may succeed one another. 

The Leptodera are peculiar in that the form parasitic in the 
snail is a larva characterised by the absence of a mouth, and by 
the possession of two long band-shaped caudal appendages ; it 
quickly attains maturity, but only after a migration into damp earth 
and after losing the caudal appendages and casting the skin. 

The Nematoda feed on organic juices, some of them also on blood, 
and are enabled by their armed mouth to inflict wounds and to gnaw 
tissues. They move by bending their body with a rapid undulatoiy 
movement towards the ventral and dorsal surfaces, which thus seem 
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to be the lateral surfaces of the moving animal. Most Nematoda 
are parasitic, but lead an independent life in certain stages of their 
life history. Numerous small Nematoda , however, are never parasitic, 
but live freely in fresh and salt water and in the earth. Some 
Nematodes are parasitic in plants, for example, Anguillula tritici , 
dipsaci, etc. ; some live in decaying vegetable matter, e.y., the 
vinegar worm in fermenting vinegar and paste. Nevertheless very 
similar forms occur in the contents of the intestine and in the faeces 
of different animals and of man (J. intestinalis, stercoralis). The 
power possessed by small Nematoda of resisting the effects of pro- 
longed desiccation and of coming to life again on being moistened 
is very remarkable. 

Fam. Ascaridae. Body tolerably stoat. With three lips furnished with 
papillae. One of these lips is directed towards the dorsal surface, while the two 
otheis meet together in the ventral line. The posterior end of the male is 
ventrally curved, and usually furnished with two horny spicula. 



P 


Fig 283 — A*can» himhncouh* (nftei R Leuokart). <*, Posterior end of A male with the two 
spicula (Sp). b. Anterior end from the (loisal bide, with the dorsal hp turmshed with 
two papilla 1 !. c t The same from the \entral bide with the two lateral ventral lips and the 
excretory pore (/*). d, Egg with the external membrane formed ot small clear spherules 

ui*c((rts L. Polymvarian. with three strongly developed lips, the edges of 
which arc in the larger species provided with teeth. The pharynx is not sepa- 
rated as a distinct bulb. The caudal extremity is usually short and conical, 
and in the male sex invariably provided with two spicula (fig. 283, a). A. 
lumbricoidnt Cloquet, the human round worm, a smaller variety in the pig 
( -d* wilhi Duj.) The eggs pass into water or damp earth and remain there 
some months, until the embryonic development is completed ; they are probably 
carried into the alimentary canal of their later host by means of an inter- 
mediate host. .1. nief/nJorepIuiJa Cloquet (horse and ox); A . mt/sta.r Zed. 
(cat and dog), sometimes parasitic in man. 

().ryurh Hud. Meromyarian ; usually with three lips, which bear small 
papillae. The posterior end of the oesophagus is enlarged to a spherical bulb 
provided with a masticatory apparatus. The posterior end of the body of the 
female is thin and pointed, while that of the male has only two praeanal and few 
postanal papillae, and a single spiculum (fig. 279). 0 vermiculari* L., in the 

large intestine of man, distributed in all countries. The female is about ten 
mm. long, O . cnrvula Hud., in the ctecum of the Horse. 
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Fam. Strongylidae. The male genital opening is placed at the hinder end of 
the body, at the bottom of an umbrella- or bell-shaped bursa, the margin of 
which is furnished with a varying number of papillae. 

JSvxtrony ylns Dies. With six projecting oral papillae, and a row of papillae 
on either lateral line. The bursa is bell-shaped and completely closed, with 
regular muscular walls and numerous marginal papillae. There is only one 
spiculum. The female genital opening is far forward. The larvae live encysted 
in fishes. ( Fdaria ryxtica from Symbranchn a). E. gigax Rud., the body of 
the female is three feet in length, and only twelve mm. thick. It lives singly 
in the pelvis of the kidney of the Seal and Otter, and very rarely in Man. 
Strong yin* Itud. With six oral papillae and small mouth. Two conical 
cervical papillae upon the lateral lines. The pos- 

( v b terior end of the male has an umbrella-like incom- 
pletely closed bursa. Two equal spicula, usually 
with unpaired supporting organ. The female sexual 
opening is sometimes approached to the posterior 
end of the body. They live for the most part in the 
lungs and bronchial tubes. St. lonyrray hiatus Dies. 
Body 26 mm. long, 5 to 7 mm. thick. The female 
sexual opening lies directly in front of the anus, 
and leads into a simple ovarian tube. Only once 
found in the lung of a six-year old boy, in Klauscn- 
burg. St. jparado-rus Melilis, in the bronchial tubes 
of the pig. St. Jilnria Itud.. in the bronchial tubes 
of the sheep. St. commit to tux Dies., in the trachea 
and bronchial tubes of the bare and rabbit. St. 
auricular ix Itud., in the small intestine of Jiatrachia. 

Doclnniux Duj. With wide mouth and horny oral 
capsule, the edge of which is strongly toothed. Two 
ventrally placed teeth project at the bottom of the 
oral capsule, while on the dorsal wall a conical spine 
projects obliquely forwards I), dnodenahx Dub. 
(Ancylostomun duodcualc Dub.), 10 to 18 mm. long, 
in the small intestine of Man, discovered in Italy ; 
very widely distributed in the countries of the Nile 
(Bilharz and Griesinger). By aid of its strongly 
armed mouth it wounds the intestinal mucous mem- 
brane, and sucks the blood from the vessels. The 
Fig. 2S4.— Vouch miwfdodenafrt frequent haemorrhages occasioned by these Doclimia 
(after E Leuckart). a, male; are the cause of the illness known by the name of 
O, mouth, £, bursa, b, Egyptian chlorosis (fig. 281). It has lately been 
V vulna established that this worm occurs m Brazil, and 

that, like D. trigotwccpftalux, it develops in puddles 
of water (Wucherer). 1). t rigonoerphahtx Hud., in the Dog. Srlcrostomum Bud. 
With characters of Dochmius, but with a different oral capsule, into which two 
long glanular sacs open. Sc. equinum Duj. =» ar mo turn Dies. In the intestine and 
the mesenteric arteries of the horse. Bollinger* has shown that the phenomena 
of colic in the horse may be referred to embolic processes proceeding from 
aneurism of the intestinal artery. Each aneurism contains about nine worms. 

* Bollinger, “ Die Kolik der Tfcrde und das Wurmaneurysma der Einge- 
weidearterien,” Miinchen, 1870. 
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Sc. tetracanthum Mehlis, also in the intestine of the horse. The embryos, after 
migrating into the intestine, become encysted in the walls of the rectum and 
caecum, assume within the cyst their definite form, break out from the cyst, 
and escape again into the intestine. Oncullanus clegans Zed., in the Perch. 

Farri. Trichotrachelidae , with long neck-like thin anterior portion of the 
body. Mouth small, without papillie. (Esophagus very long, traversing a 
peculiar coni of cells. 

Trichociphtilus Goeze. Anterior part (fig. 285) of the body elongated and 
whip-shaped: posterior part cylindrical and sharply distinct, enclosing the 
generative organs, in the male it is coiled up. Lateral lines absent.* Main 
median lines present. The penis js slender and furnished with a sheath, which 
is t urned inside out when the former is } >rotruded. The hard-shelled, citron-shaped 
eggs undergo the first part of their development in water. Tr. tlixpar Pud In 
the human colon : these worms do not live free in the intestine, but bury their 
filiform anterior extremity in 
the mucous membrane ( fig. 

285). The eggs pass out of the 
host with the faeces, as yet 
without a sign of beginning 
development, which only takes 
place after a prolonged sojourn 
in the w ater or in a damp 
place. According to the ex- 
periments of Leuckart per- 
formed with 7V. tiffin is of the 
sheep and 7V. even at ns of the 
pig, embryos with the egg 
membranes, if introduced into 
the intestine, develop into the 
adult Trtcoctphalu* ; and we 
may therefore conclude that 
the human Tr. ft is pa r is intro- 
duced directly, and without an 
intermediate host either in the 
drinking water or in uncleaned 
food. The young Tr. tlispar 
is at first hair-like, and re- 
sembles a Trichina , and only 
gradually acquires the considerable thickness of the hind end of the body. 

r / r/cJtoxonnun Hud. Body thin, hair-like, but the posterior end of the body 
in the female is swollen. Lateral lines and the principal median lines are 
piesent. The male caudal extremity has a cutaneous fold and a simple penis 
(spiculum) and sheath. Tr. niurt* Oreplin., in the large intestine of the 
house-mouse. Tr. crass tea a da Bcllingh., in the bladder of the rat. According 
to Leuckart, the dwarfed male lives in the uterus of the female. There are 
Usually two or three, mpre rarely four or five males in a single female. There 
a ^ S f° a secon ^ species of Trichosomum found in the bladder of the rat. 

’ ^ n, Tidtii v. Linst., the larger male of which was formerly taken for that of 

Trichina Owen.* Body thin, hair-like. Principal median lines and lateral 
Compare the writings of It. Leuckart, Zenker. K. Virchow, Pagenstecher, etc. 

23 



Fig. 285 . - Tnchocipkalu* dutjtar (after R. Leuckart). 
a. Etfg ; by female ; c, male with the anterior part of 
the body buried in the mucous membrane; Sp, 
spujulum. 
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lines ait present The female geneiatne opening well foiward The postenor 
end of the bodj of the m^c has two ttiminal tones between which the clo\ca is 



Pig 280 Tnthina spiruhx a, Matuie female Irichma fiom the alimentary canal, Q, 
genital opening, T, embiy oh, 0v, ovary b, Male 7 testis r, Embi>o. d, Embryo 
which has migrated into a muscle hbrt, already considerably enlarged, e, The same 
developed mto a coiled Muscle In china, and encysted 
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projected. Tt\ spiralis Owen, in the alimentary canal of Man and numerous, 
principally carnivorous, Mammalia ; hardly two lines in length. The viviparous 
females begin to bring forth embryos about eight days after tbeir migration 
into the alimentary canal. These embryos traverse the intestinal walls and 
body cavity of the host, and migrate, partly by their own movements in the 
bundles of connective tissue, partly with the aid of the currents of blood into 


the striped muscles of the body. They pierce the sarcolemma and penetrate 
into the primitive bundles, the substance of which degenerates, the degeneration 


being accompanied by an active 
multiplication of the nuclei. In 
a space of fourteen days they 
develop, within a sac-like swelling 
of the muscle fibres, into spirally 
coiled worms, around which and 
within the sarcolemma and its 
connective tissue investment a 
clear citron-shaped capsule is 
excreted from the degenerated 
muscle substance. The young 
Muscle-Trichina can remain liv- 
ing for years within this capsule, 
which at first very delicate, gra- 
dually becomes thickened and 
hard by the formation of other 
layers and by the gradual deposi- 
tion of calcareous matter. If the 
encysted animal is transferred 
into the intestine of some warm- 
blooded animal in the flesh of its 
first host, it is freed from its cyst 
by the action of the gastric juice, 
and the rudimentary generative 
organs, which arc already toler- 
ably far developed, quickly attain 
maturity. In from three to four 
days after their introduction the 
asexual Muscle-Trichinas become 
sexual Trichinas. These copulate 
and produce a brood of embryos 
which migrate into the tissues of 



the host (one female may produce Fig. Z&.—Fifona medniemi* (after Bastian and 
as many as 1000 embryos) (fig Leuckart). a , Anterior end seen from the oral sur- 

28 t>). The house rat is esneciallv face; mouth ; P » * )a * nlla * b ' Pregnant female 
A ! . L 1 at 1 e. pecially ( 81ZC reduced more than half), c. Embryos 

>e mentioned as the natural strongly magnified, 
host Of the Trichina. This 


animal does not hesitate to eat the carcase of its own species, and so the 
Trichina infection is passed on from generation to generation. Carcases in- 
fected with Trichinas are sometimes eaten by the omnivorous pig, in whose 
flesh the encysted Trichinas are introduced into the intestine of man. and 


occasion the well-known disease, Trichinosis, which when the migration takes 
place in number, often has a fatal result. 

Fam. Filariid®. lloriy filiform, elongated, often with six oral papillae, some- 
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times with a horny oral capsule, with four prmanal pairs of papillae, to which 
an unpaired papilla may be added, with two unequal spicula or with simple 
spiculuni. 

Filaria O. Fr. Miill. With small mouth and narrow oesophagus. This 
species, which is sometimes destitute of papillm, lives outside the viscera, 
usually in connective tissue, frequently beneath the skin (divided by Diesing 
into numerous genera). F. (Drarunculu*) mrdinensix* Gmel. the Guinea 
worm, in the subcutaneous cellular tissue of Man in the Tropics of the Old 
World, reaches a length of two feet or more. The head is provided with two 
'-mall and two larger papillae. The female is viviparous, and without sexual 
opening. The male form is unknown. The worm lives in the connective 
tissue between the muscles and beneath the skin, and after reaching sexual 
maturity, occasions the formation of ail abscess, with the contents of which 
the embryos escape to the exterior ^fig. 2N7).. It has lately been proved 
(Fedschenko) that the embryos of Filaria migrate into a Cyclops and there 
undergo an eedysis. Whether they are then (in the body of the Cyclops) 
introduced into man in his drinking water, or whether they first escape and 
copulate in a fi*ee state, is not known. F. immitix lives in the right ventricle 
of the dog, and is very abundant in East Asia. It is viviparous. The 
embryos pass directly into the blood, where, however, they do not undergo their 
further development. Similar young Haematozoa are also found in the blood 
of man in the Tropics of the New and Old Worlds (F. muyumix honunt*, 
F. liaarrotti ). Since these animals are also found in the urine, their appear- 
ance seems to have an ^etiological connection with luematuria. In the East 
Indies, young Filaria also live in the blood of the street dog, and would seem 
to be related to the brood of Filaria xanyuinoleata. since, according to Lewis, 
knotty swellings on the aorta and (esophagus are invariably found with these 
Filaria. F. papilloxa Rud. in the peritoneum of the horse. F loa Guyot., in 
the conjuntivaof negroes on the Congo. F. labial tx Fane. Only once observed 
at Naples. An immature Filaria described as Filaria lenttx (joculi human i) 
has been found in the human capsula lent is. 

Fam. Mermithidae. Aproctous Nematodes, with very long filiform body, and 
six oral papilla*. The male caudal region is broad, and is provided with two 
spicula and three rows of numerous jjapillse. They live in the body cavity of 
insects, and escape into the damp earth, where they attain sexual maturity 
and copulate. Mr r mix myrexerns Duj., was the occasion of the fable of the 
rain worm. M . albicans v. Sieb. v. Siebold established by experiment the 
migration of the embryos into the caterpillars of Tinea evonymella. Spluv nil aria 
bombi L<*on Duf. 

Fam. Gordiidss. Body elongated and filiform. Without oral papillm and lateral 
lines, with a ventral cord. The mouth and anterior region of the alimentary 
canal is obliterated in the adult state. The testes and ovaries are paired and 
open to the exterior with the anus near the hind end of the body. Uterus 
impaired, with receptaculum seminis. The male caudal region is forked, and is 
destitute of spicula. In the young stage they live in the body cavity of predatory 
insects, and are provided with a mouth. At the pairing time they pass into the 
water, where they become sexually mature. The embryos, which are provided 
with a circle of spines, bore through the egg-membrancs and migrate into 
Insect larvae ( Chironomvs-larvcr , Ephemeral#), and there encyst. Water 

* Compare H. C. Bastian, “On the Structure and Nature of the Dracunculus,” 
''viv lKfiS. Fedschenko /. c. 



CH^ETOGNATHA. 


357 


beetles and other aquatic predatory insects cat with the flesh of the Epkemerid 
Iwrvto the encysted young forms, which then develop in the body cavity of 
their new and larger host to young Gordiidro. Gordins aquations Dvj. 

Fam. AngnillulideB. * Free living Nematodes of small size. Caudal 
glands are sometimes present. The lateral canals are often replaced by the 
so-called ventral glands. Some species either live on or are parasitic in plants : 
others live in fermenting or decaying matter. The greater number, however, 
live free in earth or water. Tylenchns Bast. Buccal cavity small, and con- 
taining a small spine. The female genital opening lies far back. T. scandens 
Selin. ^tritici Needham, in mildewed wheat grains. When the grains of wheat 
fall the dried embryos grow in the chimp earth, bore through the softened 
membranes, and make their way on to the growing wheat plant. Here they 
remain some time, perhaps a whole winter without alteration, until the ears 
begin to be formed. They then pass into the latter, grow, and become 
sexually mature, while the ear is ripening. They copulate and deposit their 
eggs from which the embryos creep out, and at length constitute the sole con- 
tents of the wheat grains. T. dipsar i Kuhn, in heads of thistles fCardius) 
T. Darn i nit Bast, on roots of moss and grass, lfetevodera Schachth Schmidt., 
roots of the beet-root, also of the cabbage, of wheat, barley, etc. Rhabditi s 
l)uj„ divided by Schneider into Leptodera l)uj. and Pelodera Rehn. Rh. 
ffe.i dis I)uj„ head very sharply pointed, mouth with two lips, in the salivary 
glands of Limas vinetrus. Rh. anyiostoma l)uj. Rh. append indata Selin., 
in damp earth, 3 mm. long. The larva, which is without a mouth, and has two 
caudal bands, is found in Arum empirieorinn. Angndhda aeeti = glut mis 
0. Fr. Midi., known as the vinegar woim and pasteworm. 1 to 2 mm. long. 

Of the many marine A nguillid tdee. QEnopI tdee), we must mention Don / - 
humus mad mus- Biitschh, D. stag units Duj., found in mud everywhere in 
Europe. Enehehdimn via r inn m Rhibg., Enoplns fndentatus Duj. 

The ahberant families Desmoscoleeidte and (’hrrtosomidte are allied to the 
j\< mat oda. 


THE Cll.ETOGNATHA. 

The ChiHognathu, f containing only the genus Sagitta, are allied 
to the Nematodes. They are elongated round worms, with a pecu- 
liarly armed mouth and laterally placed horizontal tins, the mem- 
branous edges of which are supported by rays. The anterior 
portion of the body is sharply separated off as a head, and bears in 

* Davaine, lleeherclies sur rAnguillule du bl<i nielle,” Paris, 1837. Kiihn, 
“ Ueber das Yorkommen von Augmllulen in erkrankten Bliithcnkbpfen von 
Dipsaeus fullonum, M Znfsrhr. far trigs Zool ., Tom IX., 1859. Bastian, *• Mono- 
graph of the Aiiguillulidse or free Nematoids. marine, land, and fresh water/* 
London, 1864. O. Biitschli, “ Beit rage ziu* Kcntniss der freilebenden Nema- 
toden,” Aov. Ada , Tom XXXVI., 1873. Lad. Oerley, “Monographic der 
Anguilluliden,’ 1 Buda-Pest., 1880. 

f Compare A. Krohn, “ Aimtomisch-physiologisclic Beobachtungen iiber die 
Sagitta hi puuet ata,*’ Hamburg. 1844. IL Wilms. “ De Sagitta mare germani- 
eum circa insulam Helgoland ineolente/* Berolini. 1846. Kowalevski, “ Em- 
hryologische Studien an WUrmern and Arthropoden/’ Mem. de VAead . 
W. Petersbonrg , Tom XVI. 0. Hertwig, “Die Chaitognatha, eme* Mono- 
graphic, *’ Jena, 1880. 
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the region of the mouth two lateral groups of hooks which function 



Fig. 288 — Sagiita {Spade Hu) 

(.(phaloptera, magnified 30 
times, view ed from the dorsal 
side (after O. Hertwig). F t 
posterior fin , 6f, supra- 

oesophageal ganglion , TV, ten- 
tacles, R, olfactory organs, 
Ov, ovary, Od, oviduct, T* 
testis, Vd, vas deferens, Sb f 
vesicula semmalis. 


as jaws. 

The nervous system consists, according 
to Krohn, of a cerebral ganglion on 
which the eyes are situated, and a ven- 
tral ganglion placed in about the middle 
of the body length. There are in addition 
two ganglia near the mouth, which may 
be considered as the suboesophageal gan- 
glia, and are connected with each other 
and w T ith the cephalic ganglion by oeso- 
phageal commissures. 

[The common view now is that the large 
ventral ganglion of the middle of the body, 
which is connected with the ceiobial by com- 
missuics, is homologous with the suboesophageal 
ganglia of otliei types.] 

The straight alimentary canal is at- 
tached to the body wall by a dorsal and 
ventral mesentery horn the oesophagus 
backwards, and opens to the exterior at 
the base of the long tail, which teuninates 
in a horizontal fin (fig. 288). 

[The body cavity is vvdl developed, and 
divided by the doisal and vuitial mest n tones into 
two parts, and again by two tiansveisi verti- 
cal septa mto a cephalic section, a section m 
the body, and finally «i caudal section Vas- 
cular and cxcietoiy oigans aic absent.] 

Reproduction. The Cha'toynatha are 
hermaphrodite, and possess paired ovaries* 
which open by two apeitmes at the base 
of the tail and aie connected with 
seminal pouches. The testes also are 
paired, and situated posteriorly to the 
ovaries in the tail; their products pass to 
the exterior by openings at the sides of 
the tail. Segmentation is complete, and 
leads to the formation of a blastosphere. 
One side of this becomes invaginated so 
that the segmentation cavity is obliterated 
and a gastrula is formed, in the entoderm 



CH.ETOGNATHA. 


359 


of which two cells may already be recognised as primitive generative 
cells. As soon as these make their appearance in the entoderm, the 
latter becomes folded in such a way that the archenteron is divided into 
a median and two lateral cavities. The layer of cells lining the lateral 
cavities becomes the mesoderm, and the contained cavities the two 
lateral compartments of the body cavity, while that of the middle 
cavity gives rise to the wall of the mesenteron or alimentary canal. 
The permanent mouth is formed at the end opposite to that at 
which the blastopore, which is now closed, was situated. 

There is but one genus, Sagitta Slab., of which several species, e.g., 
Sagitta bipunctata Krohn, 8. germanica Lkt. Pag. from the Euro- 
pean seas have been more accurately described. 


Order 2. — Acanthocephala.* 


Elongated round worms with protrusible proboscis furnished with 
hooks ; to ilhout mouth and alimentary canal. 


The saccular, often transversely wrinkled body begins with 
a proboscis, which is furnished with recurved hooks and can be 
retracted into a tube projecting into the body 
cavity (sheath of the proboscis) (fig. 289, R and 
A*). The posterior end of this sheath is fas- 
tened to the body wall by a ligament, and by 
retractor muscles. The nervous system (fig. 289, 

G ) is placed at the base of the proboscis, and 
consists of a simple ganglion formed of large 
cells. Nerves are given off from the ganglion 
anteriorly to the proboscis, and through the 
lateral retractors {retinacula) to the body wall 
(fig. 289, R), The latter supply partly the 
muscular system of the body, and partly the 
genital apparatus, in which there are, princi- 
pally in the male animal, special nerve centres 
consisting of ganglionic enlargements. 

Sense organs are entirely wanting, as also are 
mouth, alimentary canal, and anus. 

The nutritive juices are taken in through the 
whole outer surface of the body. In the soft granular shbcuticular 



Fig. 289 — Anterior part, 
of an Echinorhgnchu*. 
Jt, Proboscis , X#, 

sheath of proboscis . 
G, ganglion ; Le, lem. 
nisei ; X, retinacula. 


* besides Dujardin, Diesing. 1. c., compare : R. Leuckart, *• Parasiten des 
Mensehen,” Tom II., 1870. Greeff, “ Untersuchungon liber Eehinorliynchus 
miliaris,” Arch, f Hr Natnrgesch , 1804. A Schneider, “ Uebcr den Bau der 
Acanthocephalen,” Muller's Archie., 1808. Also the Sitzungsbcrichte dcr 
Oberhemxcheu GesclUchaft fiir Xatur- mid Ilcilkundc, 1871. 
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layer of the integument lies a complicated system of canals, filled with 
a clear fluid containing granules. Beneath the internal layer of the 
integument, which layer is often very extensive and of a yellow 
colour, is placed the powerful muscular tunic; it is composed of 
external transverse and internal longitudinal fibres, and bounds the 
body cavity. The complicated ramified system of dermal canals, of 
which two principal longitu- 


Fig. 290. — Male of Echi- 
norhyncuH angnxtatux 
(after R. Leuckart). 
JR, proboscis ; R$, 

sheath of the probos- 
cis ; Li, ligament ; 
G, ganglion ; 2>, lein- 
nisci ; T, testes j Yd, 
vasa deferentia; Pr, 
prostatic sacs ; JDe, 
ductus ejaculatonus ; 
P, penis ; B, retracted 
bursa. 


dinal trunks may be recog- 
nised, is filled with juices, 
and probably functions as a 
nutritive apparatus. The 
portion of this system which 
extends into tw r o bodies (the 
lemnisci , fig. 289, Le) project- 
ing behind the proboscis 
through the muscular tunic 
into the body entity, probably 
acts as an excretory organ, 
since the contents of the fre- 
quently anastomidng canals 
of these lemnisci is usually 
of a brow n colour, and consists 
of a cellular mass rich in 
concretions. According to 
Schneider, the vessels of the 
lemnisci open into a circulai 
vessel in the integument, and 
only communicate with the 
network of canals in the 
cephalic region, while the 
other dermal vessels (nutritive 
apparatus), the contents of 
which differs from that of the 
vessels of the lemnisci, are com- 
pletely shut off from the latter. 

Generative organs. The 
body cavity through w T hich 
fluids circulate encloses the 
greatly developed generative 
organs, which are attached 



Fic». 291. — Generative 
ducts of a female 
JEeJnnorhynchng gigag 
(after A. Andres) Li, 
ligament , F, d isc- 
shaped flocculi, F 1 , F u , 
appendages of the 
same ; U, uterus , V, 
vagina , JB, lateral 
pouches of the bell • 
Gd, dorsal cells at the 
base ot the bell , Ql , 
lateral cells 


to the end of the sheath of the proboscis by a ligament (figs. 290 
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and 291, Li). The sexes are separate. The male (fig. 290) has two 
testes (T), and the same number of efferent ducts (Vd). The latter 
unite behind to form a ductus ejaculatorius (Zte), which is often fur 
nished with six or eight glandular sacs ( Pr ), and a conical penis (/ J ), 
at the bottom of a bell-shaped piotiusible bursa (B), situated at the 
posterior pole of the body (fig. 290). The geneiative organs of the 
larger females (fig. 291) consist of the ovary 
developed in the ligament ; of a complicated 
uterine bell, beginning with a free opening 
into the body cavity ; of the ov iduct and the 
shoit \agma, which is divided into se\eral 
poitions and opens at the postenoi end of 
the body (fig. 291). It is only in the >oung 
stage that the ovaiy is a simple body en- 
closed by the membiane of the above-men- 
tioned ligament. As the animal inci eases in 
size, the o\aiy glows, and becomes divided 
into numerous spherical masses of eggs, the 
piessure of which buists the membrane of the ligament ; the masses 
of ova as well as the lipe elliptical eggs, which gradually become free 
from them, fall into the bod} cavity. The egg membianes are not 

foimed till 
after seg- 
mentation, 
and ought 
pei hapsto be 
mtei pret ed 
as embiyo- 
nic mem- 
bianes. The 
eggs, which 
already con- 
tain em- 
bryos, pass 
out of the 
body cavity 
into the 
uteiine bell, 
which is 
continually 

dilating and contracting, thence into the oviduct, and through the 
genital opening to the exterior. 




Fig 203 - Larva? of Echmm hynchnx profeui from Gammaru* (after 
Leuckai t) a. Free embryo , Ek, ombn omc nucleus b, Older stage, 
with moi e diffei entiated embryonic nucleus t. Young female worm , 
Ov, ovary d, A vounp male worm , T, testes ; Le, lemmsci 



Fig 292 —Embryo of Echin 
orhynchu* gigax enclosed m 
the egg membranes (after 
Leuckart) 
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Development. Segmentation is irregular and complete, and results 
in the formation of an embryo, which is enclosed in three egg-mem- 
branes. The embryo has a small, somewhat long body, armed with 
small spines at the anterior pole, and containing a central granular 
mass (embryonic nucleus) (tig. 292). It passes into the intestine of Am- 
phipods (Ech. proteus , polymorphs ts ) , or of Isopods (Ech. angustatus), 
and there becomes free, bores through the wall of the intestine, and 
after losing the embryonic spines, develops to a small elongated larva, 
which, like a pupa, lies in the body cavity of the small Crustacean 
with its proboscis retracted and surrounded by its firm external 
skin as by a cyst (tig. 293). The skin of the larva gives rise only 
to the integument, the vessels and the lemnisei of the adult ; while 
all the other organs enclosed within the dermal muscular envelope, 
viz., the nervous system, the sheath of the proboscis, and the gene 
rative organs, are developed from the so-called embryonic nucleus. 
It is only after their introduction into the intestine of fishes (Ech. 
proteus) or of aquatic birds (Ech. polymorph us), which feed on these 
Crustacea , that the larva* attain to sexual maturity, copulate, and 
reach their full size. 

The numerous species of the genus Erin narky neu* O. F. Muller live prin- 
cipally in the alimentary canal of different Vertebrate ; the gut wall may be 
as it were sown with these animals. Ech. polymorph ux Brems , in the intestine 
of the duck and other birds, also in the crayfish. Ech. proteus Wcstrumb., 
Ech. a/u/u status- Rud., in fresh-water fish. Ech. gif/ax Goezo, as large as an 
Ascarix luntbricaidex, in the small intestine of the pig. According to 
A. Schneider, the embryo completes its development in the maggot. 
Lambl found a small .sexually immature Echinorhyrichus in the small intestine 
of a child which died of Jeukiemia. 

CLASS III.— ANNELIDA. 

Segmented Vermes with brain, circum-asoph ay eal ring , ventral 'nerve 
cord, and vascular system. 

The larva of Loven and its development seems to throw light 
upon the organization of the Annelida and their relations to the 
lower worms and to the Motif era ; and further makes evident the 
relationship of the Annelida to the Gephyrea , a group of worms 
which possess an elongated body devoid alike of external and 
internal segmentation, and, as an equivalent of the ganglionic chain, 
a ventral nerve trunk, which is usually uniformly covered with 
ganglion cells. 

The body of Lov^n’s larva, from which we must derive the body 
of Annelids, is unsegmented, and represents mainly the Annelid head. 
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Behind it is continued into an indifferent terminal poi-tion equivalent 
to the whole body of the adult. 

At the apical region of the larva (fig. 294, Sp) there is a 
thickening of the ectoderm, which is called the apical plate. This 
represents the ludiment of the cerebral ganglion (apical ganglion), 
and gives off nerves to either side. The wide mouth ( 0 ) has a 
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Fig 291 — Development of Polygordwa (after B Hatechek). a. Young lai\a Sp , apical 
plate with pigment spot, Pru, piae oial circle of (ilia, O, mouth, Pou , post-oi al circle 
ot cilia, A, anus, M*, mcsodeim , KN, head kidney b, Older larva with commencing 
segmentation oi the body, a second limb is developed m the head kidney e, Older stage. 
The body is elongated to the form of a worm, and divided mto a numlier of metameres , 
HWk t posterior circle of cilia, A/, eye spot, F t tentacle. 

ventral position, and leads into an alimentary canal, which opens 
at the posterioi end of the body (A). In front of the mouth there 
is a strongly developed ciicle (prteoral) of cilia (Prw ) ; and behind 
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the mouth a weaker (post oral) circle (Pow ) ; to the right and left 
there is an excretory canal (head kidney), which begins with a 
ciliated funnel. By the differentiation of the cephalic region of the 
larva into prsestomial lobe and oral segment, and by the gradual 
grov r th in length of the posterior part of the body and the 
segmentation of the latter into a number 
of successive metameres, the originally un : 
segmented larva is transformed into an 
Annelid (tig. 294, a — d). There is, therefore, 
between the segmented adult and the larva 
a morphological relation similar to that be- 
tween the cestoid and the simple scolex, from 
the posterior end of which the proglottides 
are developed. 

The body of the Annelida is sometimes 
flattened, sometimes completely rounded and 
cylindrical. It is composed of a number of 
successive segments, which are usually sepa- 
rated from each other externally by trans- 
verse constrictions. The segmentation is 
generally liomonomous, in that the segments 
following the head resemble each other not 
only in external appearance, but also in 
internal structure, i.e., they repeat similar 
sections of the internal organization. The 
terminal segment with the anus, however, 
has a special structure inasmuch as it 
retains the primitive, more indifferent char- 
acter of the posterior end of the body of 
the larva, and during the development of 
the worm gives origin to new segments 
anterior to itself. The liomonomy of the 
preceding segments of the body is, how- 
ever, never comple.te, since certain organs 
are confined to definite segments. The 

internal segments, which are separated by 
Fig. 294, d.~ The young . 1 

Poi> gordiuH ; g, cerebral dissepiments, either correspond with the 

ganglion; Wg, ciliated external segmentation as marked by the 

pit , D, alimentary oanal . . 

annular constrictions of the integument 

( CJuetopoda ), or each internal segment corresponds to a definite 

number (3, 4, 5, etc.) of the external lings (Ilirudinea). 
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Organs of locomotion. Special organs of locomotion may either 
have the form of bristle-bearing unjointed appendages (parapodia) 
on each ring of the body (C/uetopoda), or of terminal suckers 
(Hirudinm). In the first case each segment may possess a dorsal 
and ventral pair of appendages (the neuropodia and notopodia ), 
which, however, are sometimes replaced by simple set*e embedded 
in dermal pits. 

Alimentary canal. The mouth is placed on the ventral surface 
at the anterior end of the body, and leads into a muscular pharynx, 
which is often provided with a powerful armature and can be 
protruded like a proboscis. This is followed by the gastric region 
of the gut, which occupies the gr eatest portion of the length of the 
body, and is either regular-1 y constricted in correspondence with the 
segments, or possesses lateral diverticula ; it is only coiled in excep- 
tional cases. The anus is usually 
dorsal at the hinder end of the 
body. 

The nervous system consists of 
a cerebral or supra - oesophageal 
ganglion, which is derived from the 
apical plate of the larval prfe-oral 
lobe, of an oesophageal ring, and of 
a ventral cord or ganglionic chain, 
the two halves of which lie more 
or less approached to each other in 
the median line. The ventral cord 
arises from two lateral nerve cords, 
which probably correspond to the 
lateral nerve trunks of the Ne- 
mertines. These two cords are continuous with the oesophageal 
commissures, and, like the latter, are uniformly covered with 
ganglionic cells. This form of the nervous system may persist, 
as may also its ectodermal position (Archiannelida, Protodrilus) 
(fig. 295). In most Annelida , however, this is only a transitory 
condition ; for at a later stage the lateral cords become separated 
from the ectoderm, come together in the median line, and acquire 
a segmentation corresponding to the metameres of the body. The 
nerves of the sense organs arise from the cerebral ganglion ; the 
other nerves pass out from the parts of the ventral cord or, as 
the case may be, from the ganglia of the venti-al chain and from 
the longitudinal commissures between the latter. There is in 



S S & 


Pig 295 — Transverse section through 
the body of Protodnlu* (after B. Hat- 
schek). S S, The two lateral trunks of 
the nervous system; G, ganglionic 
layer of the same; D, alimentary 
canal ; ncphndium ; M, muscles ; 
Ov, ova. 
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almost all cases a visceral nervous system {sympathetic). The 
following sense organs are found : paired eye spots with refractive 
structures, or larger more complicated eyes; also auditory vesicles 
upon the oesophageal ring (branchiate worms), and tactile organs. 
The latter have, in the Chcetopoda , the form of tentacles and tentacular 
cirri on the head and of cirri on the parapodia. When tentacles 
and cirri are absent, the anterior end of the body and the region of 
the mouth seem to function as titctile organs. 

Vascular system. A blood vascular system is very commonly 
present; in many cases, however, it seems not to be completely 
closed, but to communicate with the body cavity, w r hich contains 
blood. Two main vascular trunks, a dorsal and a ventral, connected 
with one another by numerous transverse anastomoses, are generally 
present. The blood is usually coloured (green or red), and its cir- 
culation is effected by the contractility of the walls of certain vessels ; 
sometimes the dorsal vessel, sometimes the ventral, and sometimes 
the transverse connecting vessels are contractile. Lateral longi- 
tudinal vessels are often present in addition to the above. In the 
Hirudinea these, as well as the median contractile blood sinus, are 
probably to be regarded as isolated parts of the body cavity. 

Special respiratory organs are found amongst the Chcetopoda in 
the branchiate worms. 

The excretory organs, corresponding to the water- vascular or 
excretory system of the Platyhelminthes, have the form of coiled 
canals (segmental organs or nephridia), which are repeated in pairs 
in each segment. Each nephridium usually begins with a ciliated, 
funnel-shaped opening into the body cavity, and opens to the exterior 
by a lateral pore (fig. 70). These may assume in certain segments 
the function of generative ducts, e.g., the nephridia of the Gephyrea , 
which, however, are much reduced in number. In the cephalic 
segment or head there is also a segmental organ (head kidney), 
which in the larva functions as a kidney and later disappears. 

Reproduction. — Considering the independence of the segments, to 
which we ascribe the value of a subordinate (morphological) indi- 
viduality, the occurrence of asexual reproduction by fission and 
gemmation in the long axis {Chcetopoda) is not surprising. Nume- 
rous Annelida { OUgochceta , Hirudinea) are hermaphrodite ; the 
marine Chcetopoda , on the contrary, are for the most part of separate 
sexes. Many lay their eggs in special sacs and cocoons, in which 
case development is direct, without metamorphosis. The marine 
worms, on the contrary, undergo a more or less complicated 
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metamorphosis. The Annelida comprise terrestrial and aquatic 
animals, and they eat, for the most part, animal food. Many of 
them ( Hirudinea ) are occasionally parasitic. 

In the group of the Annelida three principal divisions may be 
distinguished, — the Chcetopoda , the unsegmented 
Gephyrea , and the Hirudinea which are adapted 
for parasitism. The Hirudinea are not in any 
degree to be regarded as Annelida of a lower 
grade of organization, but they rather present, 
at least in the case of some organs, as alimen- 
tary canal, circulatory and generative organs, 
a more complicated structure, and agree most 
closely with the Oligochaeta, from which they 
may be deiived. 

Sab-class 1. — Cii.-etopoda.* 

Free living Annelida , with paired tufts of 
setce on the segments , frequently with distinct 
head y also with tentacles , eirri, and branch ice. 

The Ohaetopoda are divided externally into fig. 21 n.—Gnibea fun- 
segments, which correspond with the metameres s > 

of the internal organs, and are, with the excep- D, alimentary canal ; 

tion of the anterior region, which is distinguished ( ' cim ’ tentacles * 

as the head, usually tolerably alike (tig. 296). Parapodia provided 
with seta* are very frequently present on the segments ; their prin- 
cipal function is that of 
locomotion, but their va- 
rious appendages, the 
branchiae and cirri, also 
discharge tactile and respi- 
ratory functions (tig. 297). 

* Besides the older works 
of Sa vigny. Audouin et Milne 
Edwards, and Quatrefages, 
compare E. Grubc, “ Die Fami- 
lien der Anne Helen,” Arch tc 
fur Nalvrgesch, 1850 and 1851. 
E. Claparede, k ‘ ltecherches 
Fig. 397. —Dorsal (DP) and ventral (TP) Para- anatomique sur les Ann Glides, 

]>odmm with bundles of setae of Ntrevs (after etc.,’* Geneve, 1861. E. Cla- 

Quatrefages). Ac, Aciculum j He, dorsal cirrus ; parade, “ Les Ann61ides clieto- 

Bc, ventral cirrus. podes du golfe de Naples,” 

Gen6ve et B&le, 1868, also Sup- 
plement, 1870, and “ Kecherclies sur la structure des Annelides seden takes,” 
Gen&ve, 1873. Fr. Leydig, 1. c., also “ Tafeln zur vergl. Anatomie,” 1864. 
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The form of the movable setae varies extremely, and affords a good 
character for the classification of families and genera. According 
to the strength, form, and mode of ending (fig. 298), the following 



Fig 298 — feetaj ot different Poly chat a (after Malmgren an<l Claparode) a, Hooked seta of 
SitbtUa cta«*icoi nts , h, of ffrelulla Daniehnem , c, Beta with pnal ridge fiom » Sih ertelais , 
(l, lanco-shaped beta of Phyllochcetopteru* , e t ot babdla t rmtttconu* f, of babel la patoni* , 
g. Composite sicklt-sliaped seta of Ncrtie c ultnfna 


forms can be distinguished : hair-setae, hooked -seta 1 , Hat-seta 4 (jxdecr), 
lance-sette, sickle-shaped setae, etc. When the parapodia and their 

appendages are com- 
pletely wantmg, the 
setae are embedded in 
pits in tlie integument, 
and arc arranged either 
in one or two rows on 
either side, that is, in a 
lateral ventral row on 
either side, or in a ven- 
tral row and a dorsal 
row on either side. In 
such cases the number 
of setae is small ( Oligo - 
clujbta). The setae may, 

on the contrary, be pre- 
Fig 299- Anterior end of Folynoe extenuata , the first . * 

elytron on the left hand being removed (after Cla- sent in great number, 
paiede) The two setse of the oral segment are visible „ that the integument 

El y Elytra. # 

on either side seems to 

be coveied with long haiis and setae, and a thick felt of hairs 
shining with a metallic lustre is distributed over the wdiole dorsal 
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surface ( Aphrodite ). The appendages of the parapodia present 

an equally great variety of form and not unfrequently vary in the 
different parts of the body. They are either simple or ringed tenta- 
cle -like processes, the cirri , which are distinguishable into dorsal and 
ventral cirri. The cirri are for the most part filiform, and sometimes 
jointed or conical, and then are often provided with a special basal 
joint. In some cases the dorsal cirri are flattened out as broad scales 
and loaves, the elytra , which constitute a protective covering ( Aphro- 
dite ) (fig. 299). In addition to the 
cirri, branchiae which may be filiform 
or branched and antler-like, comb- 
shaped or in the form of tufts, are 
frequently present ; sometimes they 
are confined to the middle region of 
the body, or are extended over almost 
the whole dorsal surface; sometimes L 

they are confined to the head or to the 
anterior segments immediately following 
the oral segment (cephalic branchiae). 

The two anterior segments may be 
regarded as forming the head : they 
are fused together, and ai*e, with regard 
to their appendages, different from the 
following segments (fig. 245). The 
anterior segment projects beyond the \ 

mouth as the frontal lobe, and bears 
the tentacles and palps \ppalps are ten- cgijr A 1 

tacular structures arising from the 
ventro-lateral sides of the head, vide /I i 

p. 379] and also the eyes ; the posterior ■JuSt** 

cephalic segment or oral segment bears 

the tentacular cirri. The last segment ™ ^ 

(.n,l be,,,* the ami cirri. *£ 

The alimentary canal is usually wards), pa, pharynx ; d, 
straight, and extends from the mouth fcine ’ L ' hcpatlc a PP enda ? 0H - 
to the anus, which is terminal and rarely dorsal ; it is divided 
into oesophagus, intestine, and rectum (fig. 300). There is in most 
cases a dilated muscular pharyngeal bulb which is armed with 
papilla* or with movable teeth and can be protruded as a proboscis. 
The intestine usually preserves the same structure in its entire 
length and is divided by regular constrictions into a number of 

24 
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divisions or chambers, which correspond to the segments and dilate 
again into lateral diverticula and cieca. Tlie constrictions are due to 
filamentous or membranous septa (dissepimenta), which divide the 
body cavity into the same number of chambers lying one behind 
another. 

The vascular system appears to be closed, so that the clear nutri- 
tive fluid found in the body cavity, which, like the blood, contains 
amoeboid corpuscles, does not communicate with the usually coloured 
contents of the vessels. The dorsal and ventral vessels are not only 
connected at each end by lateral loops, but also in each segment ; and 
from these connecting vessels proceed peripheral networks, which 
extend into the integument, the wall of the alimentary canal, and the 
branchial . 

Special organs of respiration are wanting in almost all the Oligo- 
cluHa . In the marine Worms, on the contrary, branchiae are very 
generally present, usually as appendages of the parapodia. These 
branchiae are either simple cirri which have delicate ciliated walls 
and contain blood-vessels, or are branched (Araphinome) or in some 
cases are pectinate structures ( Eunice ) which co-exist with special cirri 
on the notopodia (fig. 246). The bronchia* are sometimes confined 
to the middle segments ( Arenicola ), and are sometimes developed on 
almost all the segments on the dorsal surface, being simplified 
towards the posterior end of the body ( J)ors ibmnchiata). In the 
Tubicola' the bronchia* are confined to the two (l’ect inaria tSabellidw) 
or three ( Terehella ) anterior segments. The respiratory function is, 
however, also shared ( Cajntibranchiata) by a number of elongated 
tentacles which are grouped in tufts on the head. These are, in 
the tiabellida', supported by a special cartilaginous skeleton, and 
may have secondary twdgs developed upon them. They are either 
simply arranged in a circle round the mouth, or in tw r o fan-like 
lateral groups (< Serpulidai ), the base of which is not unfrequently 
drown out into a spiral plate. Such branchial structures, however, 
also function as organs of touch, as organs for procuring nutriment, 
and even for building the tubes and shells. 

Excretory organs. — There are usually ill all the segments paired 
segmental organs, which serve as excretory organs. They begin, as a 
rule, with a ciliated funnel in the body cavity ; they possess a glandu- 
lar wall, are several times coiled upon themselves, and open to the 
exterior in each segment by a lateral pore. These glandular 
passages serve in general for the removal of matters from the 
«ud in the marine Chcetopoda are used during fhe 
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breveting season as oviducts, or vasa deferentia , and permit of ike 
passage outwards of the generative products , which have been set free 
hi the body cavity . 

Amongst the special glands in the body of the Chcetopoda f those 
cutaneous glands of the Oligochceta which give rise to the thickening 
(extending over several segments) known as the clitellus or girdle, 
are especially worthy of remark. The secretion of these glands 
perhaps assists the intimate connection of the Worms during copula- 
tion. In the Serpulidce there are present two large glands, which 
open upon the dorsal surface of the anterior portion of the body and 
furnish a secretion used in the formation of the tubes in which the 
animals live. 



Fig. 301. — Brain and anterior portion of tho ganglionic chain, a, of Serpula ; b, of Nereis, 
(after Quatrefages) ; O, eyes ; Ci, cerebral ganglion ; c, oesophageal commissure ; Ug, 
subcesophageal ganglion ; e e, nerves to the tentacular cirri and the mouth segment. 


Nervous system. — The longitudinal trunks of the ventral cord are 
often so closely approached that they seem to form a single cord 
(Oligochceta). In the Tubicolce (fig. 301), on the contrary, they are 
very widely separated from one another, especially in the anterior 
part of the ganglionic chain (Serpula). The visceral nervous system 
consists of paired and unpaired ganglia, which supply the oral region 
and especially the protrusible proboscis. 

Sense organs. — Paired eyes upon the surface of the frontal (i.e. 
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prseoral or cephalic) lobe are widely distributed. Eye-spots may also 
be present upon the posterior end of the body ( Fabricia ), or may be 
regularly repeated upon the sides of each segment ( Polyophthalmns ). 
In species of iSabella, pigment-spots w ith refractive bodies are found 
even upon the branchial filaments. The large cephalic eyes of the 
genus Alciope * are the most highly developed, being provided with 
a large lens and a complicated retina. The presence of auditory 
organs seems less frequent. They appear iis paired otolithic vesicles 
upon the oesophageal ring of Arenicola , Fabricia , some Sabellidw and 
young Terebellida >, etc. Besides the tentacles, cirri and elytra, other 
portions of the surface of the body may be sensi- 
tive to tactile sensations. On such parts there 
are either stiff hairs and tactile seta*, or, as in 
Spha j rodorum , special tactile warts with nerve 
terminations. 

Beproduction. — In the smaller Cluvtopoda 
asexual generation by fission and gemmation 
may occur. Either (fissiparous reproduction) 
a large number of segments of the parent be- 
come separate and give rise to the body of the 
new worm, as for example in tiyllis prolifer a, 
where a series of the posterior segments, which 
are filled with ova, become separated by a simple 
transverse fission, after the foimation of a head 
provided with eyes ; or (gemmiparous repro- 
duction) a single segment only, usually the last, 
become^ the starting-point for the formation of 
a new individual. In this way A'atolytvs pn*o- 
lifer , one of the Pi/llklcr, a sexually reproduces 
Fig 302 .—Autoiytng cor - itself, giving rise to a male and female sexual 
animal Poiybottnchnn form, known respectively as Polybostrichu s 
(after A. Agassiz). F, Midler i t (male) and Sacconereis helqolavdica 
cuiar cim- f, tenta- (female). This is a case of alternation of gene- 

eies-, rt tentacular 3U tions, for the asexual form, Autolytns, gives 
cirri of the male. m 1 ,J ’ ° 

rise by budding in the long axis to the sexual 

forms (fig. 302). In this case a whole series of segments are developed 

* Grc4ff, “ Uehcrdas Auge derAlciopidcn. etc.,” Marburg, 1876 ; and “ Unter- 
sucliungcn fiber die Alciopiden,” Nov. Art. tier K. Leap. Akad. , <tr., Torn 
XXXIX., Nro. 2. 

f Compare besides the works of O. Fr. Muller, Quatrcfages, Leuckart. and 
Krohn. especially A . Agassiz, “ On alternate Generation of Annelids and the 
embryology of Autolytus corn ut us.” Jioxton Jaunt. Nat. Hint ., vol. iii., 1863. 




GENERATIVE ORGANS. 


373 


in front of the last segment of the asexual form, and these segments, 
after the formation of a head, constitute a new individual. As this 
process is repeated, a chain of connected individuals is formed, and 
these, as soon as they are separated, represent the sexual individuals. 
Among the freshwater Raida, in Chcetogaster , a regular and continued 
budding in the long axis leads to the formation of chains, consisting of 
not less than 12 to 16 zooids, each having only four segments, while 
the sexual individuals consist of a greater number of segments. A 
similar 'process occurs in the mode of reproduction observed by O. 
Fr. Miiller in Nais proboscidea , from the last segment of which a 
new zooid is produced. Both generations of Rais, however, become 
sexually mature. 

[For a moic complete account of the asexual reproduction of Chaetopoda, 
rule Halfour. “ Comparative Embryology,” vol. i., pp. 283, 284.] 

The Chatopoda are, with 
the exception of the her- 
maphrodite Oliyochada and 
certain Serpulida * (e.g., Spi- 
rorbis spirillum , Protula 
Dysteri) of separate sexes. 

Male and female individuals 
seem occasionally so strikingly 
different in the structure of 
tlieir organs of sense and lo- 
comotion that they have even 
been taken for species of distinct genera. Besides the above- 
mentioned Sacco nereis and Polybostrichas , the asexual generation of 
which is Autolytas , a similar sexual dimorphism has been shown by 
Malingren for Hetevonereis , a genus of the L year idee, in which the 
males and females differ both in external form and in the number 
of their segments. A remarkable case of heterogamy is also 
afforded by this genus, in that a generation of smaller animals 
swimming upon the surface alternates with a generation of larger 
forms living upon the bottom. 

The generative apparatus of the Oligochmta is very highly deve- 
loped. The ovaries and testes lie in definite segments, and empty 
their contents by dehiscence of their walls into the body cavity. 
Special generative ducts often co-exist with segmental organs in 
the same segment (0. terricolce ), while in other cases the segmen- 
tal organs are wanting in the generative segments (0. limicolce ). In 



Fig 303 — A parapodium of Tomopteris with a 
mass of ova and one free ovum (after C. 
Gogenbaur). 
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the marine Chavtopmda, the ova or spermatozoa originate on the body 
wall (fig. 303) from cells of the peritoneal membrane, either in the 
anterior segments alone or along the whole length of the body. The 
generative products then become free in the body cavity, attain 
maturity, and pass through the segmental organs to the exterior. 
Only a few Chcetopoda, as Eunice and E yllis rivipara , are viviparous, 
all the rest are oviparous ; many lay their eggs in connected groups, 
and carry them about with them, av liile the Oligoclueta lay theirs in 
cocoons. 

Development.- -The segmentation is unequal. A primitive streak 
is very generally developed, though sometimes not until the embryo 
has left the egg. It arises on the ventral side in consequence of the 
development of a middle layer and from neutral plates of the upper 
lay^er. 

Excepting in the Oligochada, the young forms undergo a metamor- 
phosis and after leaving the egg appear as ciliated larva*, which are 
provided with mouth and alimentary canal, and essentially resemble, 
with some modifications, Lo veil’s larva. 

The capability^ of renewing lost poi tions of the body, more espe- 
cially the posterior part of the body and different appendages, seems 
to be generally distributed. The Lumbriciva * and certain marine 
Worms ( JHopatra , Lycaretus) are even able to replace the head and 
the anterior segments, with the brain, oesophageal ring, and sense 
apparatus. 

Fossil remains of Chcetopoda are found from the Silui ian onwards 
in the most different formations. 

Order 1 . — Polycii^eta.* 

Marine Clioetopoda , with numerous setae embedded hi the para podia, 
usually with distinct head , tentacles , cirri , and branchiae . They are 
for the m ost part dioecious , and develop with metamorphosis . 

The marine Cheat opoda must be considered as belonging to a 
higher grade of life, on account of the sharp distinction of the head 
which is composed of the prfp&tomium (prceoral lobe) and oral 
segment (in the Amphinomidce several succeeding segments are also 
included), and of the presence of the tentacles, tentacular cirri and 

* Audouin ct Milne Edwards, “ Classification dcs Annfdides et description 
des cclles qui habitent les cotes dc la France, ” Annates drs Sr. Nat., Tom 
XXVII. to XXX., 1832-33. Ilelle Chiaje, “ Deserizioni e notnmia degli 
animali senza vertebre della Sicilia citerinrc,** Napoli, 1841. Quatreiages, 
“ Histoire naturclle des Annel^s,” Tom. I. and II., I860. Also the numerous 
writings of E. Grube and E. Claparede. 
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gills, and also of the setae embedded in prominent parapodia, which 
serve as aids to swimming. The internal organization, however, is 
in no way more complicated than that of the Oligochceta . Neverthe- 
less all these distinctive characters may be less and less marked, 
and, indeed, so completely vanish that it is difficult to draw a sharp 
line between the Oligochaita and the Pohjclimta. The parapodia 
(Capitellidce) and also the setae ( To mopter idee ) may be wanting. 

In rare cases, bundles of setie are present on all the segments behind 
tlie head ; they are however airanged in a single row and embedded 
in a single pair of ventral retractile parapodia in each segment. 



Fig. 304. — Heart and anterior body segments of Nerrut Dumpnlii (after E. Clapar«5de). O, 
Eyes , P, palps , Ct , tentacular cirri ; AT, pharyngeal jaws. 

This arrangement, which is found in Saccocirrus and its allies, pro- 
bably represents the primitive state, especially as in these animals the 
character of the nervous system, which lies in the ectoderm external 
to the dermal muscular envelope, and of the sense organs, which are 
reduced to two simple tentacles upon the cephalic lobe and to ciliated 
pits, indicates lower and more primitive conditions. 

In another and very remarkable type, Pol ygordius Schn. and 
Protodrilu8 Hatsch., not only parapodia and setae but also the 
external segmentation are wanting. The segmentation of this 
achaetous and externally unsegmented worm is entirely confined 
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to the internal organization and is, as compared with that of all other 
Annelida, to a certain extent completely homonomous, inasmuch as 
the oesophagus is confined to the cephalic segment and does not 
extend into the anterior segments of the body. Further, the nervous 
system is connected with the ectoderm along its whole length, and 
the cerebral ganglion maintains its primitive position at the anterior 
end, corresponding to the apical plate of the larva ; and the ventral 
cord is without ganglionic swellings. In all the above points these 

forms seem to 
have preserved 
the primitive An- 
nelidan structure, 
and they have 
therefore been 
united by Hat- 
.schek into a special 
class, the Archian- 
nelida. 

In the Poly- 
chcrta the vascular 
system is compli- 
cated by the ap- 
pearance of bran- 
chiae, which are 
provided witli 
blood-vessels. In 
the foims with 
dorsal brunchhe 
the branchial 
blood is derived 
from the dorsal 
ti unk and re- 

Fig 305 — Terebella nebulota, opened from the dorsal side (after turned to theven- 

M Edwards). T, Tentacles, 1C, HrunchidP, Dg, dorsal vessel or special 

vessels. When, 

on the other hand, as in the tubicolous capito-brancliiate forms, the 
respiratory apparatus is concentrated on a few segments, the vascular 
system of that part undergoes greater modifications. In the Tere- 
bellidce (fig. 305), the dorsal trunk dilates above the pharynx to a 
-branchial heart from which lateral branches are given off to the 
hr*anehisp. In the same region the transverse loops connecting the 



P0LYCHJET.1. 


877 


dorsal and ventral trunks may perform the function of hearts, as 
is also frequently the case in the Oligochceta. Finally the vascular 
system is in many cases considerably reduced, and, according to 
Clapar&de, is entirely wanting in Glgcera and Capitella , in which the 
blood is represented by the perivisceral fluid. 

The generative organs, unlike those of the hermaphrodite Oliyo- 
chcuta , are usually placed in different individuals ; and the males and 
females are sometimes of very different forms. A number of herma- 
phrodite Polychoata are, however, known ; such principally belong to 
genera of the Serpulidce , e.g., Spirorbis , Protula. 

The development, unlike that of the Oligochceta , is invariably con- 
nected with a 
metamorphosis. 

Segmentation is, 
as in the llirudi- 
7iea, usually un- 
equal, and even 
the first two seg- 



mentation spheres 
are of unequal 
size. The smaller 
(animal) half, 
which segments 
more quickly, 
gives rise to 
smaller segments, 
which grow round 
and envelope the 
larger segments 
proceeding from 
the segmentation 
of the larger half. In the subsequent development a primitive streak 
make> its appearance in all embryos of Polychcrta, sometimes, how- 
ever, not until the embryo has begun to lead a free life as larva. 
The ganglia become differentiated later into the ventral chain. 

In the free-swimming larva 1 the cilia are rarely distributed over 
the whole surface of the body (Atrocha *). They are usually confined 
to special rows (ciliated rings) ; sometimes, as in Lov^n’s larva, there 
is one row placed in front of the mouth at some distance from the 


Fro. 306 — Larv<e of Polychvta (after Busch). a, Larva of Fert, t* 
F, tentacle; Oe, eyes; PrW y pra?oral circle of cilia O f 
mouth ; A, anus, b, Mesotrochal, larva of Chatopterua ; Wp, 
circle ot cilia. 


* Compare K. Clapar&de and E. Metschnikoff, **Bciirage zur Entwickelungs- 

geschichte der Chaetopoden,” Zeitschr. fiir wiss. Zool., Tom. XIX., 1869. 
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anterior end of the body [Cephalotrocha, e.g., larva of Polynoe ). 
Sometimes there are two rows, one at each end of the body, con- 
stituting a prseoral and perianal ling ( Telotrocha , e.g., Spio-Nephthys- 
lari'a). In addition to these two rings of cilia, incomplete rings 
may also be present on the ventral surface ( Gastrotrocha ), or both 
ventrally and dorsally (Amphitrocha). In other cases one or more 
rows of cilia surround the middle of the body (Mesotrocha), while the 
terminal rings (prseoral and perianal) are absent ( Telepsavus-t'hcetop - 
terns larva) (tig. 306). Many larva? are provided with long pro- 
visional seta 1 , which are later replaced by the permanent structures 
(. Metacluvta ). In spite of their great diversity of form the Chictopod 
larva? can in their later development also be reduced to the type of 
the larva of Lo\ en. 


Relatively few’ forms, as for instance the transparent Alciojrida 3 , 
live at the surface (pelagic animals) ; most 
of them live near the coast. Numerous 
forms descend into the deep sea. Many 
have the power of emitting an intense 
light* especially species of the genus Chce- 
topterus which emit light from their an- 
tenna" and appendages. The ehtra of 
Polynoe , the tentacles of Poly cirrus , and 
the integument of certain Syllida\ are 
„ „ also phosphorescent. Pancori* has shown 

Fig. 307.— Ntreia marguntacea x r 

Head with protruded jaw that the seat of the phosphorescence is 





apparatus of thc pharj™, j n entail 

from the dorsal surface (after 

M Edwards). K, Jawb; f, Polynoe , were prove 

tentacles; P, palpe : Fc, ten. .• •<! 

tacular cin i catlon wlth ,ierves - 


in unicellular cutaneous glands, which, in 
Polynoe , were proved to be in communi- 


Sub-order 1. Errantia. „ Free -swim- 
ming, predacious Polychceta. The pr&sstomiuin always remains in- 
dependent and forms, with the oral segment, a well-marked head 
which bears eyes, tentacles, and usually tentacular cirri. The 
parapodia are much more developed than in the Tuhicolcp , and, 
together with their very variously shaped seta", serve as oars. The 
anterior portion of the pharynx can be protruded as a proboscis 
and is divided into several portions ; it is either beset with papillse 
or contains a powerful masticatory apparatus, wiiich appear* at its 
extremity when protruded (fig. 307). Branchite may be wanting; 
when present, they usually appear as comb -shaped or dendritic 


* Pauceri, “ La luce e gli organi lumiuosi di alcimi amielidi,” Atti della B. 
Acad, scicnsz fi. e mat. di Napoli, 1875. 
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tubes on the parapodia (. Dorsibranchiata ). The Errantia are pre- 
datory in their habits (tfapacia) and swim freely in the sea; but 
they may also inhabit temporarily thin membranous tubes. 

Fam. Aphroditid®. Broad scales ( elytra ) on the no to podia. These are 
usually placed on alternate segments, often only on the anterior part of the 
body. Prrestominm, with eyes, with one unpaired and usually two lateral 
tentacles, to which may be added two stronger lateral ventrally placed tentacles 
(palps). Proboscis cylindrical, protrusible, with two upj>er and two under 
jaws. Aphrodite aculeata Lin. ( Ily&trlr marina Rcdi.) The back has a thick 
felt of hairs. Eyes sessile. Numerous seta* on the neuropodia. Poly no e 
scolopend rina Sav. Ocean and Mediterranean. 

Fam. Eunicid®. Body very long, composed of numerous segments. Priesto- 
mium with several tentacles. Parapodia usually uniramous, rarely biramous, 
usually with ventral and dorsal ciiTi as well as bran chi a*. One upper jaw 
composed of several pieces, and a lower consisting of two plates ; both lie in 
a sac, the jaw-sack, on the dorsal surface of which runs the pharyngeal tube. 
Stauroerplialvs rittatus Gr., JIalla QLystd ire) parthenope'ui Delle Ch., Naples. 
Diopatra neapolitana Delle Cli., Naples. Eunice Jlarassii Aud. Edw. 

Fam. Nereid® = Lycond(c* The elongated body is composed of numerous 
segments. The praistomium has two tentacles, two palps, and four eyes. The 
parapodia are either uni- or bi-ramous, and are furnished with dorsal and ventral 
cirri and with composite setie. Proboscis usually possesses spines, and always 
two jaws. Nereis Dinner Hit Aud. Edw., French and English coasts, to which 
belongs Ileivronereis fucieola Oerst. N. ruli rij era Gr.. Mediterranean N. 
f neat a Sav., North Sea. The form formerly distinguished as lief crone rein 
Oerst. differs from Nereis in the great size of the prmstomium and of the eyes, 
also in the extraordinary development of the parapodia, and in the abnormal 
formation of the hinder end of the body. It belongs, however, to the same 
cycle of development as Nereis and Nei’Cilepas, 

Fam. Glycerid®. Body slender, composed of numerous ringed segments. 
The prjestomium is conical and ringed, with four small tentacles at its point 
and two palps at its base. The prol>oscis can be protruded to a great length, 
and is provided with four strong teeth. The liamial fluid, coloured by red 
corpuscles, is contained in the body cavity and the branchial sinuses. There 
is no social vascular system. Ghjeera capitata Oerst., North Sea. 

Fam. Syllid®. Body elongated and flattened, head usually with three 
tentacles and two to four tentacular cirri. The protrusible proboscis consists 
of a short proboscis tube, a pharyngeal tube lined by stiff cuticular formations, 
and a portion characterised by annular rows of points. Sexual and asexual 
individuals, differing in form, are sometimes found in the same species. Many 
carry their eggs about with them until the young are hatched. Syllis rittata 
Gr., Mediterranean. Odontosyllis gihha Flap., Normandy, Autoly tvs prolifer 
G. Fr. Miill., asexual form. The male has been described as Polybostrichvs 
AhiUeri Kef., the female as baceo nereis helyolandiea Miill. Sphcerodorum 
peripatus Gr., Mediterranean. 

Fam. Alciopid® (Alciopea). With two large hemispherical projecting eyes. 
Ventral and dorsal cirri leaf-like. The proboscis is protrusible, the tube of 
the proboscis being thin walled and its terminal portion thick walled. At 

* Compare E. Grube, “ Die Familie der Lycorideen.” Jahresher. der ScJdrsis- 
cben Gesellschaft, 1873. 
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its aperture are two hook-shaped papillae. The larvae are in part parasitic in the 
CydippUhe. Alriojui Cantrahiii Delle Cli., Naples. 

Fam. Tomopteridae ( Gymnocojm ). Head well marked, two eyes, bifid 
prrevtomium, and four tentacles, of which two in many species are only present 
in the young. The mouth segment has two long tentacular cirri which are 
supported by a strong internal seta. The mouth is without proboscis and 
jaws. The segments are provided with large bi-lobed parapodia without setae. 
To/iiojjtrrix xcolopendra Kef., Mediterranean. T. oni no if or min Esch., northern 
seas, Heligoland. 

The genus Myzostoma F. S. Lkt., a small group of hermaphrodite worms 
whose affinities are doubtful and disputed, may be placed here. They are 

small, disc- shaped animals, 
parasitic on Co nut tola. 
They possess a soft and 
ciliated skin, four pairs of 
laterally placed suckers on 
the ventral surface, and a 
protrusible proboscis fur- 
nished with papillae at 
their anterior end, also a 
branched alimentary canal 
which opens at the posterior 
end of the body. On the 
sides of the body are five 
pairs of short parapodia, of 
which each one bears a hook 
(with one to three supple- 
mentary hooks) as well as 
supporting setse. As a rule, 
double as many cirri or 
short wart-like protube- 
rance* an* found on the 
margin of the body. M. 
/ ll ahrum , cirr forum F. S. 
Lkt. 

Bub-order 2. Seden- 
taria = Tubicol®. * 
With indistinctly sepa- 
rated head and short, 
usually not protrusible 
proboscis, without jaws. 
The branchiae may be entirely absent and in many cases are 
confined to the two or three anterior segments following the 
head. In exceptional cases they are placed on the dorsal part 
of the middle of the body (. Arenicolidca ). As a rule, however, 
they are represented by numerous filiform tentacles and ten- 

* E. Olapar&le, u Rccherches sur la structure des Aun^lides sedentaireB,” 



Figs 30 S — Spirorbi* laii* (after Clapar^de). a, The 
animal removed from its tul>e, strongly magnified, 
b, tube ; T, tentacles ; Bt>, brood-jMmch with oper- 
culum ; Dr, glands, Ov , ova ; Oe, oesophagus ; M, 
.stomach ; D, intestine. 
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tacular cirri upon the head (CapitibrancJiiatn), of which one or 
more may bear an operculum at its apex to close the tube (fig. 
308). The para podia are short, and are never used in swimming; 
the notopodia usually carry hair- like setse ; the neuropodia are trans- 
verse ridges with hooked setae or plates. Eyes are very frequently 
absent ; in other case-. they are present in pairs upon the head or on 
the terminal segment, sometimes even on the branchial tentacles ; 
in the latter case they are very numerous. The body is often 
divided into two (thorax and abdomen) or three regions, the seg- 
ments of which are distinguished by their unequal size. The 
Tubicolw live in more or less firm tubes which they construct for 
themselves, and feed on vegetable matter which they procure by 
means of their tentacular apparatus. In the construction .of their 
tubes the animals are assisted in various ways by the long ten ti teles 
or branchial filaments of the head ; thus, for example, the Sahellidiv 
are said to accumulate fine ooze at the funnel-shaped base of the 
branchial apparatus by means of the cilia of their tentacles, to mix 
it with a cement secreted by large glands, and then to transfer it to 
the edge of the tube; while the Tc rebell idee procure the grains of sand 
for the construction of their tubes by their long and very extensible 
tentacles. There are also boring Annelids, which pierce limestone 
and mussel shells, like the horny Molluscs ; e.g ., Sahella saxicola, etc. 

The development is simplest - when the mother possesses a kind of 
brood-pouch for the development of the young, e.g., Spiro rb is spirillum 
Pag., the eggs and larva? of which remain within a dilatation of the 
opercular stalk until the young animals are able to construct' a tube 
for themselves. The free-swimming larva? of most Tubicolce, on 
assuming the form of the worm, lose the ciliary apparatus, while 
tentacles and parapodia make their appearance. In this condition 
and sometimes surrounded by delicate membranes, they swim about 
for some time longer, and, having lost their eyes and auditory vesicles, 
gradually assume the structure and mode of life of the sexual animal 
( Terebella ). 

fam. Saccocirrid®. With two tentacles on the prajstomiuin, two eyes 
and the same number of ciliated pits. A single row of retractile parapodia, 
furnished with simple seta?, on either side of the segments of the body. Sacco* 
eirm . .v papilloccrcu* Bobr., Black Sea and Mediterranean (Marsedles). 

Fam. Arenieolid®. Pr®stomium small and without tentacles. The pro- 
boscis is beset with papilla?. There are branched gills on the median and 
posterior segments. The animals burrow in sand. Arcnicoht marina Lin. 
(A. piscatoi'um Lam.), North 8ea and Mediterranean. 

lam. Spionid® (Spiodac). The small pra»stomium sometimes with tentacu- 
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lar processes, usually with small eyes. The oral segment mostly with two long 
tentacular cirri, which are usually grooved. Ci Triform branchiae are present. 
Poly dor a antennata Clap., Naples. Spio nett cor nix Fabr., north seas. 

Fam. Cheetopterid®. ‘Body elongated and separated into several dissimilar 
regions. Usually two or four very long tentacular cirri. Dorsal appendages 
of the middle segments have the shape of wings and are often lobed. They 
live in parchment- like tubes. Telepxacux Cost aru m Clap., Naples, (licet opterm 
perga meat arms Cuv.. West Indies. 

Fam. Terebellid®. Body vermiform and thicker anteriorly. The thinner 
posterior portion is sometimes distinctly marked off as an appendage destitute 
of setne. The pracstomium is indistinctly separate from the mouth segment. 
There is frequently a lip aliove the mouth. Numerous filiform tentacles, usually 
arranged in two tufts. There are pectinate, or branched, rarely filamentous, 
gills on a few of the anterior segments. Dorsal prominences (notopodia) fur- 
nished with simple setae, and ventral transverse ridges (neuropodia) with hooked 
seta\ Terebella conch ilega Pall., English coast, Mediterranean. Am pit arete 
Grubn Malnigr., Greenland and Spitzbergen. Pcctinana auncoma 0. Fr. 
Mull., North Seas, Mediterranean. Sahelian a ( Her well a ) xpmulosa K. Lkt., 
Heligoland. 

Fam. Serpulid®. Body usually distinctly divided into two regions (thorax, 
abdomen). Praestomium fused with the mouth segment, which as a rule is pro- 
vided with a collar. The mouth is situated between two semicircular or spirally 
coiled plates, from the anterior margin of which spring the branchial filaments. 
These have secondary filaments arranged in single or double rows, and may be 
supported by a cartilaginous skeleton, and have their bases connected by a 
membrane. Spirograph is Spallanzani *, Naples. Sabcllapcnictlh/s Lin., North 
8eas. S. Kolliheri Clap., Mediterranean. Protufa lhulolplu Kisso, Mediterra- 
nean. Fdtgrana implc.ra Berk., Norwegian and English coasts. Serpula nor - 
eegtva Gunn., North Sea and Mediterranean. Spirorbtx spirillum Lin., Ocean. 

Order 2. — Oligociueta.* 

Hermaphrodite Chwtopoda without pharyngeal armature and para- 
podia. There are no tentacles , cirri, or branch ice. The development 
is direct . 

The cephalic region is composed of the praestomium, which projects 
as an upper lip, and the mouth segment. It does not essentially 
differ from the following segments so as to form a special region (fig. 
309). Tentacles, palps, and tentacular cirri are never found on it, 
but tactile papillae are present in great number, as are also peculiar 
sense organs which resemble taste buds. Eyes either fail or are 
present as simple pigment spots. Besides the small gland cells of the 

* Besides the works of W. Hoffmeister, D’Ldekem, and others, compare : 
E. Cla]>arude, k * 1 lecher ches anatomiques sur les Annelidas, etc., observes dans 
les Hebrides,” Geneve, 1800. E. Olaparede, “ llecherchcs anafomiques sur les 
Oligochietes,” Geneve, 1862. A. Kowalevski, Embryo! ogische Studien an 
Wiirmern und Arthropoden ( Lumbricux , Euaares ),” Petersburg, 1801. B. 
Hatsehek, *‘ Studien iiber Entwicklungsgeschichte der Anncliden,” Wien, 
1878. Fr. Vejdovsky, Beitriige zur verglcichenden Morphologic der Anneliden. 
1. Monographic der JSnchytnciden,” 1879. 
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hypodermis there is present in the clitellus a deeper glandular layer 
(Saulensch icht Clap.), which consists of finely granular cells embedded 
in a framework of pigmented and vascular connective tissue and 
situated between the hypodermis and the external muscular layer. 
There are but few sette present, and they are never disposed on 
special parapodia, but always in simple pits in the integument, by 
the cells of which they are secreted. 

There are small secondary bristles 
which serve as a reserve. The blood 
is usually red, as in the Hirudin ea. 

The alimentary canal is often divided 
into several regions, the relations of 
which are most complicated in the 
Lumbricidce. In Lumbricns , the buccal 
cavity leads into a muscular pharynx, 
which is probably used for sucking. 

This is followed by a long oesophagus 
extending to the 13th segment, and 
furnished with a thick layer of glandular 
cells and several glandular dilated ap- 
pendages (calcareous sacs). The oeso- 
phagus is succeeded by a crop, a 
muscular gizzard, and finally by the 
intestine itself, the dorsal wall of which 
is pushed inwards so as to form a longi- 
tudinal fold, the typhlosole (comparable 
to a spiral valve). In the Limicolw 
the alimentary canal is simpler by the 
absence of a muscular stomach ; a 
pharynx and oesophagus are, however, 
always present. 

Reproduction. — The Oligockteta are 
hermaphrodite ; they lay their eggs 
either singly or united in greater num- 
ber in a capsule; and they develop Fiq 309 — Znmbnem mbeihi* (aftor 

'wri+'U j. j i • mi 1 Gr. Ewen) a, The whole worn, 

lout a metamorphosis. The testes ci t cuteiius b, Anterior end of 
and ovaries are paired and placed in the bod> from the central side <•, 

i « . r Isolated seta. 

uenmte segments, usually near the an- 
terior end of the body ; they dehisce their products into the body 
cavity. The generative ducts possess funnel-shaped openings into the 
body cavity through which the generative products pass, and may 
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co-exist in the same segment with segmental organs ( Lumbricidce ). 
In the earth-wonn, whose generative organs were first accurately 
described by E. Hering, the female apparatus consists of two ovaries 
in the 13th segment,* and tv*o oviducts, which begin with trumpet- 
shaped openings into the body cavity, contain seveial eggs in a dila- 
tation and open to the exterior on either side on the ventral surface 
of the 14th segment. There are in addition in the 9th and 10th 
segments two pairs of receptacula seminis, which open at the junction 
of the 9th and 10th and lOtli and 11th segment respectively. They 

The male genital 
organs consist of 
two paii*s of testes 
in the 10th and 
11th segments, 
and tw o vasa defe- 
rentia, each of 
which opens inter- 
nally by tw T o fun- 
nels and to the 
exterior in the 
15tli segment. 
Copulation takes 
place in June and 
July on the sur- 
face of the earth 
at night. The 
worms apply their 
ventral surfaces to 
one another and lie 
in opposite directions, in such a manner that the openings of the re- 
ceptacula seminis of one w T orm are opposite the clitellus of the other. 
During copulation sperm flows out from the openings of the sperm 
duct and passes backwards in a longitudinal groove to the clitellus, 
and thence into the receptaculuin seminis of the other worm. In 
Tubifex and Encliytrwns the ovaries may break up into groups of 
ova which float free in the lx>dy cavity. Special albumen glands 
and also glands which secrete the substance of the shell of the cocoon 
are often present. In the breeding season the above-mentioned 

* The head (pnestomium and buccal region) being reckoned as the first 


are filled w T ith sperm in copulation (fig. 310). 



Fig 310 — Generatne organa of Lit mb n at* m segments VIII to 
XV. (after E Hermp) T, Tester , Sf, the two funnels ol the 
vas deferens on either side ; I cl, vas defeiens ; Or, o\ ary , Od, 
oviduct , Jfc, receptacula seminis. 
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girdle or clitellus, which is formed of a thick glandular layer, is 
almost always present. 

The embryonic development of the Oligochwta presents many 
relations to that of the Ifirudinea. The unequal segmentation, which 
is very much alike in the two groups, and the similarity in the 
method of origin of the mesoderm, from two large cells near the 
blastopore at the posterior end of the embryo, point to a close relation- 
ship between these two groups of Annelids. 

A few Olujoclueta, as for example Ch a j tog as ter, are parasitic on 
aquatic animals ; the rest of them live, some free in the earth, some 
in fresh water, and some in the sea. 

Sub-order 1 . Terricolffi. Oligochaeta which live principally in 
the earth. They have segmental organs in the genital segments. 

Fain. Lumbricid®. Large earthworms with compact skin and red blood. 
Without eyes. Tufts of vessels surround the segmental organs. Their activity 
in Inning into the earth is of the greatest importance, loosening and exposing 
the soil to the action of the weather. Lumbncu* L., Earthworm. Pr®stomium 
distinct from the mouth segment. The clitellus includes a series of segments, 
and is situated nearly at the end of the anterior quarter of the body/a/* behind 
the genital opening*. Set® elongated, hook-shaped, arranged in four groups in 
each segment, each group containing two set®. The earthworm lays its eggs 
in capsules, into each of which several small ova, with sperm from the recep- 
tacula seminis. are emptied ; as a rule, how ever, only one or but a few embryos 
are developed. The developing embryo takes up with its large ciliated mouth 
not only the common mass of albumen, but also the other eggs. L. agricola 
Hoffni. ~trrrrxtris Inn., L. fait id a* Sav., Z. amerieanus E. Purr, ('riodrilv* 
la chum Hott'm. 

Sub-order 2. Limicolae. Oligoclnvta which live principally in 
water. Without segmental organs in the genital segments. 

Earn. Phreoryc tides. Long filiform worms, with thick skin and two rows of 
slightly curved set® on each side. Phreoryete x Menkeanu* Hoffni. Found in 
deep springs and w r ells ; they seem to feed on the roots of plants. 

Fam. Tubificid®. Aquatic worms, provided with four rows of simple or 
divided, hooked set®. Hair-like set® may also be present. The receptacula 
are in the lltli, 10th, or 11th segment. They live in mud tubes, from which 
they protrude the posterior end of the body. Tub if ex rivulorum Lam. The 
heart is in the 7th, the receptacula in the 9th segment. T. Jionneti Clap. 
{X&nuri* variegata Hoffni.) The heart in the 8tli, receptacula in the 10th 
segment ; both RpecieN live in fresh water. JAmnod rdm Hoff me Uteri Clap.. 

IfUdeltenuanux Clap. Is distinguished from Tubifex by the presence of 
hair-like set® in the upper row of set®. Lumbrieulus variegata* O. Er. Mii.ll. 
Every segnent is provided with a contractile vascular loop and saccular 
Contractile apjjendages of the dorsal vessel. 

Earn. Naide®. Small JAmicolce with delicate thin skin and clear, almost 
colourless, blood. The pr®stomium is often elongated like a proboscis and 

25 
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fused with the mouth segment. Acts ( St gloria ) prohosctdea 0. Fr. Mull. 
N. parasita Schm. Both species have filiform pnestoimum. ( luct og aster 
cermiculo rix O. Fi. Miill. 


Sub-class 2. — Gepiiyrea.* 

Worms with cylindrical body , without p.rternal sp<j mentation, with 
termiiud or ventral mouth ; with cerebral ganglion , (esophageal ring 
and ventral cord. Seta * are sometimes present. 

The Uephyrea possess an elongated cylindrical body and live, as do 
the Ilolothuria , in sand and ooze in the sea. The characters which 
distinguish them as Annelids are the possession of an oesophageal 
ring connected with a cerebral ganglion and of a ventral cord par- 
tially surrounded by ganglion 
cells. The larva* of the (lha>- 
1 if era present traces of seg- 
mentation (see below, p. 391), 
while in the Acluvta the l>ody 
cavity remains simple. Of sense 
organs , eye spots have been 
observed ; these in certain 
Sipunculido’ lie directly upon 
the brain > there are also dermal 
papilla*, into which nerves 
enter. 

The structure of the integu- 
ment is similar to that of the 
Annelida; the thick upper 
cuticular layer rests upon a 
cellular matrix, and is not un- 

Fig 3ii. — Young Echmrux from 'tho ventral frequently wrinkled. There is 
wde (lifter Hatscheh) 0 , Mouth at the base nQ oxte mal segmentation. TliC 

of the proboscih , AC, <rsophagoal coiunus- . . ° 

hure , B8, ventral cord , A , anus ; H, hooks. connective tissue dermis is of 

considerable thickness and en- 
closes numerous glandular tubes, which open to the exterior by pores 
in the epidermis. Below this is the strongly developed dermal muscular 
tunic, which is regularly composed of an outer layer of circular fibres 



* Quatrefagev Mciuoue sur l’Echiure,” Ann. den Sr. AAt.. 3 Her., Tom VII. 
Lacaze-Duthicrs, •* Roclieiches sur le Bonellin,” Atm. d<* Sc. Ant., 1858. 
W. Kcterstein, *• Beitrage zur anatomischen und sysfematischeu Keuntniss dcr 
Sipunculiden,” Zettschr jur ms*. Zoolog a, Tom XV., 18f>5. B. Hatschek. 
“ Ueber Entwickelung«'geschichte des Echiurus,” otc. Wion, 1880. J. W. 
Sperigel. ‘‘Beitragc zur Koimtniss dcr Gephyreen. I. Math d. aus drr zooln- 
michon station zu Ned ml, 1879 ; II. Zettschr, fur n'isx. Zool. , Tom XIV., 1881. 
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and an inner layer of longitudinal fibres. The latter are connected 
with the former and also amongst themselves by net-like anastomoses. 
These dermal muscles cause the folds of the cuticle. Internally to 
the longitudinal muscles there is another layer of circular muscles. 
In the Chcetifera two hooked setie are present near the genital 
opening (fig. 311); these assist locomotion. There may also be 
present one or two 
circles of set?e at the 
posterior end of the 
body ( Echiurns ). 

In the Chcetifera 
(fig. 311), the ante- 
rior part of the body 
is elongated to form 
a kind of proboscis, 
which projects im- 
movably and cor- 
responds to the 
piworal lobe (prm- 
stomium) of the 
Annelida. The 
mouth is placed 
ventrally at the 
base of the probos- 
cis. In the Achcvta 
{Sipnncnlidca) this 
proboscis is want- 
ing ; the mouth is 
placed at the ex- 
tremity of the an- 
terior region of the 
body, which is sur- 
rounded with cili- 
ated tentacles and Fig 312.— Stpunculu* niuJns, laid open from the side (after W. 

, ’ Kefersteiu). Tc Tentacles; G, cerebral ganglion , JY/ t ven- 

can be retracted by tral nerve cord; D, intestine; A, aims, BD brown tubes 
means of retractor (ventral glands), 
muscles (fig. 312). 

Alimentary canal. — The mouth opens into a pharynx, which is 
sometimes furnished with teeth ; this is followed by a ciliated intes- 
tinal canal, which is usually longer than the body and disposed in 
coils in the body cavity. The terminal portion of the intestine is 
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muscular and opens to the exterior by a terminal or dorsally placed 
anus (tig. 312). 

The vascular system is probably in communication with the body 
cavity: it consists of a dorsal vessel, which, as in the Annelida , 
accompanies the alimentary canal, and of a ventral ve-sel running 
along the body wall. There are also branches on the alimentary canal 
and in the tentacles. The blood is either colourless or red, and moves 
in the same direction as in the Annelids, the current being maintained 
both by the contraction of certain parts of the vessels and by the 
cilia which line the 'walls of the vessels. The corpusculated fluid of 
the body cavity differs from this vascular blood. 

Excretory organs. — There are two sets of organs, both of which 
may be interpreted as segmental organs. One kind, the anal reticles 
(tig. 314c, Ab ), are only present in the Chietifera ; they have the form 
of a pair of tufted tubes, which open, on the oik 1 hand, into the 
body cavity by numerous ciliated funnels and, on the other, into the 
rectum. The other kind, known as the brown tabes (fig* . 312, Bd) 
or ventral glands, are placed (one or more pairs) in the anterior part 
of the body ; they also open into the body cavity by a ciliated funnel, 
and to the exterior on the ventral surface. The latter, like the seg- 
mental organs of Annelids, assume the function of seminal vesicles 
and of oviducts. 

Generative organs. — The Qephyrea are of separate sexes. There 
are, however, remarkable variations both in the generative glands 
and their ducts. In Phascolosoma amongst the Achada (according 
to Theel) the generative glands lie at the root of the ventral retractor 
muscles of the proboscis, and form a ridge from which the generative 
products are set free. Spermatozoa or ova in various stages of 
development are found in the Ixxly cavity, and thence are carried to 
the exterior through the two brown tubes (segmental organs) which 
open on the ventral side. 

In Bonellia among the Chief if era the ovary, which has the form of 
a thin cord (fold of the body wall) in the posterior half of the body, 
is attached by a short mesentery to the nerve cord. From the ovary 
the ova fall into the body cavity, and thence pass into the neigh- 
bouring single uterus (lig. 314, b, U), which is provided at its base 
with a trumpet -shaped opening (TV) and opens to the exterior on 
the ventral surface behind the mouth. This uterus ought probably 
to be considered morphologically as a segmental organ, whirl i has 
only been developed on one side. The generative organa of the 
- ~ n 1 : 1^0 rn.ilo^ wliinli mvp met with in the uterus of 
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the female of Bonellia have the same relations (fig. 313). These 
rudimentary males are furnished (in many species) with two ventral 
hooks, in front of which in the anterior region is placed the external 
opening of the vas deferent. The vas deferens corresponds to the 
uterus of the female, and is in like manner provided with an internal 
opening into the body cavity. In Ech hirus there are two pairs of 
brown tubes, which function as generative ducts and reservoirs. 
In Thalassema there are, according to Kowalevski, three pairs of 


such tubes. 

The development shows many points of 
similarity with that of the Annelida . Be- 
tween the Aclnrta and Chert if era, however, 
there are considerable differences. In both 
cases a metamorphosis follows the embryonic 
development. The larvje resemble Loven’s 
laiva (larva of Polygordius) ; but in the 
Adi (eta they are characterised by a great de- 
generation of the apical region (praeoral lobe) 
«ind the absence of a prieoral band of cilia. 

The remarkable larva known as Actino- 
trocha , which is the young stage of the 
tubicolous genus Phoronis * is distinguished 
by the possession of a eontiuctile prreoral lobe, 
behind which there is a circle of ciliated ten- 
tacles forming a collar. 

The Gephyrea are all marine. Home of 
them live in sand and ooze at considerable 
depths, also in holes in the rocks and in 
crevices between stones and corals, and in 
the shells of snails. Their food is similar to 
that of Holothurians and many tubicolous 
Annelids. 

Order 1. — CiiiEHFERA = Eciiiuroidea. 



Fig 313 — Planariau - like 
male of Bonellia (after 
Spengel) B Intestine , 
IV T, ciliated funnel ot the 
vas deferens (Vd), which 
is filled with sperm 


0 ephyrea characterised by the presence of two strong hooked setae 
on the ventral side and by a terminal anus. The mouth is placed at 
the base of the prceoral lobe , which is developed into a proboscis. 

The Echiuroidea or chastiferous Gephyrea present no external 
segmentation of their elongated and conti actile body; they have, 
however, in the young state the rudiments of 15 metameres. This 
* There should be a third order of Gephyrea for these animals. 
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fact, as well as the formation of the praporal lobe and the develop- 
ment of the ventral hooked sette, points to a close relationship with 
the Chaftopoda . In the adult animal, however, the internal segmen- 
tation is very little marked. The dissepiments, w ith the exception 
of the first, which forms a partition between the head and the body, 
are lost, and the segmentation of the ventral cord is only indicated 
by the distribution of the nerves. The supra-oesophageal ganglion 
remains at the apical region of the prteoral lobe (proboscis) ; lienee 
the (esophageal commissures are extraordinarily long. 

The strongly developed prteoral lobe forms a pioboscis like 



Fk». 314 — a, f unale of UoiuHm nmh* (attei Laouc-Dutlueis). b, Tntcgununt and genu Hti\e 
or g ms after the mtestnu has been i crao\ cd AW, Cutaneous glands , Ah, anal \ c sic lc 
A,?, icctum , Oi, o\ary , Ti, ciliated tmmel of the liteius (l ) c , Anatomy ot Him 11 » 
vuidi* (attei Lncaze-Duthius). 1), ahmentan canal w ith an.il \ esicles (Ah) , M, mesen 
ten J r,uteius, it', proboscis 


appendage which may develop to a considerable length and become 
forked ( Bonellia ) (fig. *314 a), 

A pair of hooked seta- (with reserve seta- in the sheath of each 
seta) are always present on the first segment of the body. In 
E chi arm there are also one or two circles of seta- at the posterior 
end of the body. There are from one to three pairs of anterior 
segmental organs (so-called brown tubes or ventral glands), wliich 
open on the ventral surface and are used for the passage outwards 
of the generative products. Besides these there is also a pair of 
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posterior segmental organs (anal vesicles, tig. 314, Ah) in the 
terminal segment, each of which has a number of peritoneal 
funnels and opens into the rectum. In BomUia the segmental 
organ which performs the function of uterus is, like the ovary, 
single (tig. 314 b). 

Development. — The development of the ovum begins with an 
unequal segmentation. In Bon ell in the small cells of the animal 
pole grow round the four large yolk spheres, u hick give rise to the 
entoderm, leaving a small aperture, the blastopore (tig. 110). The 
Echiurus larva* (tig. 315) are the most accurately known. They 
present the typo of Loven’s larva and possess a strongly developed 



Vt<r .113 — ft, Larvn of Ethu'ni* fiom the ventral side (after Hatschck). *S P, apical plate; 
Pi «., pia'oral circle of cilia , Pou , postoial circle of cilia ; Aw, head-kidney , l g , venti.il 
nanglionic cord connected with the apical plate bj the lorn* oesophageal commissures ; 
4S, anal vesicle, b , Ventral region of tlie EihmrHK larva v\ ith segmented mesodermal 
hands , Sl\ oesophageal commissure , dissepiments of tlie antenoi body segments , 
MS, mesodermal bands , A, anus 

prseoial circle of cilia (. Pnv ), in addition to which there is also a 
delicate post-oral circle of cilia [Bow). Early in larval life a seg- 
mental organ, the head kidney or pronephros (AA r ), is developed, 
one on either side ; and behind it a pair of mesoblastic bands makes 
its appearance and gives rise in the subsequent development to the 
1‘udiments of 15 segments (tig. 315 b). In the terminal segment, 
which is surrounded by a circle of cilia, there appear segmental 
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organs, which give rise to the anal vesicles (fig. 315 a, AS). The 
rudiments both of the cerebral ganglion and of the ventral cord are 
derived from growths of the ectoderm, — the former from the apical 
plate, the latter as a paired thickening of the ventral ectoderm. The 
two are connected by the oesophageal ring, which is also provided 
with ganglion cells. In older stages, after the disappearance of the 
segments, the ciliary apparatus begins to degenerate and finally 
vanishes ; after which two strong hooked seta* make their appear- 
ance at the sides of the nerve cord not far fiom the mouth, and 

two circles of shorter sette are formed at 
the hind end of the body (fig. 316). 
The pra*oral lobe of the larva becomes 
the proboscis of the young Ech turns (fig. 
311). 

Fam. Echiurid®. The anterior end of the 
body above the mouth is elongated into a pro- 
boscis, the under surface of w Inch is grooved. The 
long oesophageal commissures he m the pro- 
boscis, and meet in front without any cerebral 
enlargement. Anteriorly and on the ventral side 
are two setae tor attachment, and on tin* posf< - 
rior end of the body theie are sometimes circles 
of seta*. The anus is terminal. Ech i uni* Pal- 
la.su fJueiin ( (ra< vt nee 1 Quatref., St. Vaast), 
coast ot Belgium and England. Thai a xu >na 
(j i //ax M. Mull., Italian coast. Jinnelha rfr/th s 
Kolando. Mediterranean. The males are small 
and rudimentary, and resemble IManarians. 
They live in the effeient duets of the female 
generative organs. 

Order 2 . — Acieeta= Sipunculoidea. 



Gephyrea with terminal mouth , dorsally 
placed anus, and without setw. The ante- 
rior region of the body is retractile. 

The Si])uncaloidea differ from the 
chsetiferous Gephyrea in their entire want 
of all traces of meta meric segmentation^ 
in the degeneration of the prmoral lobe 
and in the position of the mouth and anus. 
The elongated body is destitute of a projecting pneoral lobe, so that 
the mouth, which is frequently surrounded by a circle of tentacles, 
comes to be placed at the anterior end of the body. On the other 
hand, the anus is moved far forward on the dorsal surface (fig. 317). 


Fig 316 —Older Fchiuru* larva 
seen from the side. The head 
kidney is atrophied. O, 
mouth , M, stomach ; A, anus ; 
BK, circles of seta* , Sc, oeso- 
phageal commissure ; AS, 
anal vesicles ; G, cerebral 
ganglion, developed from the 
apical plate ; Vq, ventral 
nerve cord ; 11, ventral hooks. 
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The cerebral ganglion, oesophageal ring and ventral cord run inside 
the dermal muscular tunic. Only one pair of segmental organs, 
known as brown tubes or ventral glands, 
is present. The blood vascular system is 

Development. -The segmentation is com- 
plete and is followed by the formation of a 

gastrula by invagination. The blastopoie £ mmm* 
marks the ventral side. The two posterior 

marginal cells* of the entoderm move in- » 

wards as primitive mesodeim cells, and give I 

lise to the mesoblastic bands which do not wflWjIjSf 

undergo segmentation. Invaginations of the 

ectoderm of the animal pole and ventral sur- tt 

49No lilt i Viii^ \\ hile the Kit, 317 Quito young Sf- 



Kk» 317 Quito young Sf- 
punculu x still without ten 
taclcs(aftei H Hatficheh) 
(lei O f O, mouth , i, nuns , BS, 
th > ventral coid, N, nepliri- 

tne ecto- (lmm (broun tube) # Gi 

d e r 111 coi ehral ganglion , lit/, 

i i blood vessel 

cells 

grow lound these and form an 
external envelope for the embiyo 
of the nature of a serous mem- 
brane (serosa). Cilia project fiom 
the latter through the pores of 
the vitelline membrane and are 


Fig 318 —Larva of Si/hmchIus (after Hat&>- employed by the embryo in 
ehek) 0, Mouth , Sp, apical plate , A, anus , 

PolV, postoral cncle of cilia, JV, kidney swimming. 

The cephalic and ventral plates 
•soon grow together. The mesodermal bands split into somatic and 
* Compare especially B. Hatschek. 



394 


ANNELIDA. 


splanchnic layers, and give rise to the rudiments of the two seg- 
mental organs ; while the oesophagus arises as an invagination of 
the ectoderm, and a post oral circle of cilia is formed around its 
opening (tig. 318). The serous membrane is cast off with the egg 
membrane, and the larva then contains all the essential organs of 
the adult Nijmncalv* except the ventral cord and the blood-vessels. 
At a later stage, during the growth of the larva, the ventral cord 
is developed from the ectoderm, the circle of cilia disappears, the first 
tentacles sprout out at the edge of the mouth, and the metamor- 
phosis of the free-swimming larva into the creeping young Sipnn- 
cvlus is completed. 

Fain. Sipunctilidae. Body elongated and cylindrical, the anterior part re- 
tractile. The mouth h. siirroumle l with tentacles, and the aims is dorsil. The 
intestine is coiled spirally. StpnnraJu^ nuriu sL„ Mediterranean. Phnsrolowma 
hr vo Kef., Me hterrancan. Pit. tloaqatum Kef. St. Vaast. 

Pam. Priapulid®. Anteiior pirt of the body without circle of tentacles. 
Pharynx armed with papilla* and rows of teeth. Arms at the posterior end of 
the body and slightly dorsal. abo\ e it tlieie Usually projects a caudal appen- 
dage which bears papilla-like tubes (brauehi.e). The intestine i.s straight. 
Pnapvlus rami at ns 0 Fr. Muller. Ilal trryptus spin u lasts \ y. Sieb., Baltic. 
Spit/bergcn. 

Sub-class 3.- -IIiuudixea*==Pisc<>phora, Leeches. 

Body cither with short rings or not ringed, without para podia, with 
terminal ventral sucker , hermaphrodite. 

The body of the IlinuUnea , so far as its external form is con- 
cerned, recalls that of the Trematoda , with which group the JTirndiuea 
have often been incorrectly connected. 

Externally the body is marked by a number of transverse rings, 
which are short and may he more or less indistinct or even entirely 
absent. These rings correspond in no way with the internal segments, 
which are separated by transverse partitions or dissepiments ; hut 
they constitute much shorter portions of the body, four or five of them 
corresponding to one internal segment. The large sucker at the 
posterior end of the body serves as an organ of adhesion : and there 
may be in addition a second smaller sucker, either in front of or 

* Brandt and Ratzeburg. •* Medicinische Zoolog ie.” 1829. Moquin-Tandon, 
“Monographic do la famille des Hirndiii£es,‘’ 2nd. edit.. Paris, 1846. Fr. 
Leydig. Zur Anatomic von Piseieola geometrica,” Z ritxehr.fur irixx. ZooL, Tom. 
I., 1849. H. liathke. “ Bcitrage zur Entwickelune^geschichte des Hirmlinecn,** 
edited by It. Leuckart, Leipzig. 1862. It. Leuekart, “Paiasiten des Men^chen.’* 
Bd. I., Leipzig, 1863. Van Benedenet Hesse. “ Recherches sur les Bdelloides ou 
Hirudindes et les Trematodes marins,” 1863. Robin. “ Mehnoire sut* le developpe- 
mont embryog^nique des Hirudinees.” Paris, 187o. 



HIRTJDINEA. 


395 


surrounding the mouth. There are no parapodia 
few exceptions, are absent. A sharply distinct 
head is never developed, since the hist rings are 
not essentially different fiom those following 
and are never furnished with tentacles or cirri. 

Alimentary canal. — The mouth is situated 
near the anterior end of the body, sometimes 
at the bottom of a small anterior sucker 
(. Rhif)ichohdelVi(hp ), sometimes at the base of a 
projecting spoon-shapod hood, which lesembles 
a sucker ( GnathobddlUJa ) (fig. 319). The 
mouth leads into a muscular pharynx provided 
with glands. The antenor pait of the pliaiynx, * 
which may be distinguished as the buccal 

cavity, is aimed 
(G nathobdelU- 
da) with tlupe 
sei rated cliiti- 
nous plates (tig. 

319, a , />), or 
moie laioly 
with a doi ^al 
and vential 
plate ( r Branch i - 
obddlula), oi 
it is provided 
with a protru- 
sible proboscis, w liich lies free m its anterior part 
( lVnjHchobdelluht ). The pharynx leads into a 

stomach, which forms a stiaight tube in the 
axis of the body and sometimes shows con- 
strictions, which coi respond with the segments; 
sometimes it is pioduced into a larger or smaller 
number of lateral c&*ea. From the stomach a 
short rectum, which is sometimes also provided 
with circa, leads to the anus. The anus is placed 
at the posterior pole of the body, dorsal to the 
sucker. 

Excretory organs . Seg m ent a 1 oi gans ai e pre- 
sent, one pair to each segment in the middle 
region of the body. Their number, however, 



a Is 


I ig 319 — a Cephalic ltgion of the 
Medicinal Leech The three i tws ait 
\isiblo b, One of the jaws isolated 
u ith tlic hnel> sen hU d fiee edge 


; and seta‘, with a 



Fig 320 — Longitudma 
section thiougli the 
Medicinal Leoch (aftei 
R Leuckait) Z), in- 
testinal canal , O, 
cerelnal ganglion; 
(Mc t ganglionic chain , 
Ex , exci etoi i canal s 
or segmental oigans 
(watei vasculai s\ s- 
tem). 
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varies very considerably, since, for instance, Branchiobclella astaci , 
parasitic on the gills of the cray-fish, lias but two pair*, while the 
Gnathobilellidit usually possess seventeen pairs. 

Unicellular glands are present in the Hirudinea in great numbers 
in the skin and in the deeper layers of the connective tissue. The 
former secrete a finely granular mucous fluid, which covers the skin ; 
while the more deeply situated glands, which lie beneath the dermal 
muscular tunic, secrete a clear viscid substance, which quickly 

hardens outside the body and is u^ed 



Fiu. 321.— Anterior enrl of 22 Uru&o (after 
Leydig). O, Cerebral ganglion with 
BubcONoptuigeul ganglionic mass; S/>, 
(sympathetic ; A, eyes , 8b, sense 

organs. 


to form the cocoons when the eggs 
are laid. These glands are espe- 
cially numerous in the region of the 
genital openings. 

A blood- vascular system is always 
present, but in different degrees of 
development. Portions of the body 
cavity are transformed into vessel- 
like trunks, and as a result of this 
organs which lie in the l>ody cavity 
seem to be enclosed in blood sinuses. 
The two lateral vessels and the me- 
dian blood sinus, which always en- 
closes the ventral ganglionic chain 
and sometimes also the alimentary 
canal (fY p])stue, P'tscicola ), may be 
interpreted in this manner. In 
most of the Gnathobrf elUdcr the blood 
is red, the colour being due to the 
fluid part of the blood and not to 
the corpuscles. 

Special respiratory organs are 

wanting, excepting in Bnmchelliov 
and some allied leeches, which pos- 
sess leaf-like branchial appendages. 

The nervous system* in all 
cases is highly developed. The 


cerebral ganglia are characterized by a peculiar arrangement of 


the nerve cells which give rise to swellings on the surface of the 


ganglia (described by Leydig as a follicular arrangement) (fig. 321). 


* Hermann, “ Das Cen train ervcnsy stem von Hirudo medicinnlis.” Miinclien, 
1875 . 
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This is also tlie case with the ganglia of the ventral cord, and 

especially with the sub-oesophageal ganglia, on which there are often 

four longitudinal series of such ganglionic swellings, two median 

and ventral, and two lateral projecting dorsally. The two 

longitudinal trunks of the ventral ganglionic chain are invariably 

closely approached to one another in the middle line, and 

their ganglia are connected together in pairs by transverse com 

lnissuros. In the Gnathobdellkhe two nerve trunks are given off to 

the right and left from each pair of ganglia, while from the brain 

and the last ganglion, which may be called the caudal ganglion and 

is formed of several ganglia fused together, a much greater number 

of nerves pass off. The nerves passing off from 

the brain supply the sense organs and the inus- 

cles and skin of the cephalic disc (anterior 

sucker) : the nerves of the ventral chain are (\ rvf 

distributed in their proper segments, and those v-* 

of the terminal ganglion supply the ventral ^ cX ° V % 

sucker. An unpaired median longitudinal cord 

(F.tivre, Leydig), which passes from ganglion &QT qJ 

to ganglion between the two halves of the ven. 0'S 

tied cord, most probably corresponds to the 

unpaired nerve which Newport discovered in { 

insects. A system of visceral nerves was dis- 0$ 

covered by Brandt. It consists of an intestinal JO 

nerve, which arises from the brain and runs JL 

dose to and above the ganglionic chain and \ / 

sends branches to supply the caeca of the in- O Cf 

testine. Three ganglia, which in the common fig. 322. - Generative 

leech lie in front of the brain and send their «pp«rntu*ot the Med- 
icinal Leech T , Te**- 

lierve plexuses to the jaws and pharynx, are m, JV.vas deiorcns, 
considered by Leydig as enlargements of cere- ^,’ s ute r^'cnrus’l 
bral nerves and very likely control the move- Or, ovaries with vagma 
ments which occur in swallowing. opening 1 * 116 somtal 

Almost all leeches possess simple eyes on the 
doi sal surface of the anterior ring. In addition there are cup-shaped 
organs (in Hirtulo medicinal is about sixty) on the cephalic rings. 
These probably give rise to a sense perception comparable to the 
sensation of taste. 

Generative organs. The Hiru dine a are hermaphrodite. As in 
many marine Planaria , the openings of the male and female 
generative organs are placed one behind the other in the middle 


apparatus ot the Med- 
icinal Leech T, Ter- 
tis , JV.vas deiorcns , 
Nh, epididymis ; Pr , 
prostate ; C, cn rus ; 
Or , ovaries with vagma 
and female genital 
opening. 
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line of the anterior region of the body. The male generative 
opening lies in front of the female and is usually provided with a 
protrusible cirrus. The testes lie in pairs in several successive 
segments and are usually present in considerable numbers (tig. 322). 
In Jlirudo there are nine or ten pairs of testicular vesicles, which 
are connected with a sinuous vas deferens on either side. Each 


vas deferens is coiled in front to form a kind of epididymis (tig. 
322, yh) and is then prolonged into a muscular portion, the ductus 
ejaculatorius, which unites with that of the other side to form an 
unpaired copulatory apparatus. This is in connection with a well- 
developed prostatic gland (Pr), and can be protruded either as a 
two-horned sac (RhyiicobdelUda) or as a long filament {(Putthoh- 
deUi(ht). The female generative apparatus consists either of two 
long tubular ovaiies with a common opening to the exterior 

(IlityncoMetlidw), or of two shoit 
I (7j*% saccular ovaries, two oviducts, a 

common duct surrounded by an al- 
bumin gland, and a dilated vagina 
with the genital opening (Gnathob- 
fUidtr) (fig. 323). I 11 copulation 

a bjwrinatophore passes out of the 
jf' J mule genital organs, and is either 

f M l received into the vagina of the 
•w/S/jjc a 1 M other animal or at least becomes 

pL JKf attached within the generative 

opening. Tn any case the fertili- 
se .123 Cocoon, b, female fpxieiH- zation <)f the ov 11111 t},kes l )lace 
tivc apparatus of Unm/o audit malt* the } )0( |y Q f the mother. Tile Cgg 

(after R LeucUit) . J ** 

is laid soon after. lor this purpose 

the animals seek suitable places oil stones or plants, or leave the water 
and, as Jlirudo rntdicinaUs , burrow in damp earth. At this period 
the genital rings aie swollen out into the form of a saddle, partly by 
the turgescence of the generative organs and partly by the great 
development of the cutaneous glands, the secretion of wdiich is of 
special importance to the fate of the eggs which are about to be 
laid. When the eggs are about to be laid, the leech attaches itself 
firmly by its ventral sucker and, tw isting itself about, envelops the 
anterior part of its body with a viscid mass, which covers especially 
the genital lings like a girdle and gradually hardens to form a 
firmer membrane. A number of small eggs and a considerable 
quantity of albuminous matter then pass out, and the animal with- 
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draws its anterior end from this barrel-shaped membrane, which is 
now filled and which, after the animal has left it, becomes in 
consequence of the narrowing of the terminal openings a tolerably 
completely closed cocoon. The number of eggs contained in a cocoon 
varies but is never large. The eggs are small, yet the young 
leeches when hatched are of considerable size, those of the ffirado 
medicinal is, for example, are about 17 mm. long, and, excepting 
the fact that they are not sexually mature, have essentially the 
organization of the adult animal. T1 e young of Clejistne alone are 
hatched at a very early stage, and differ essentially from the sexual 
animal both as regards the shape of the body and the internal 
organisation. They have a simple intestine, are without the 
posterior sucker, and live a long time attached to the ventral 
surface of the mother ; and it is not until they have received a 
considerable quantity of newly secreted albuminous matter that 
they obtain an organization which iits them to lead a free life. 

The development of the embvro of (7 opsine among the Uhyncob- 
dellidu J and Xephelis and / Tirado amongst the (rin *hoh 'ctli Ur is better 
known. The segmentation is always unequal. The mouth is formed 
early, and through it, after the formation of the p 1 urynx and intes- 
tinal canal, the albumen contained in the cocoon is taken into the 
intestine of the growing embryo by means of swallowing movements 
of the pharynx. 

The Leeches live for the most part in water or temporarily in 
damp earth. They move partly by “ looping ” with the help of 
their suckers, and partly by swimming with active undulations of 
the usually flattened body. Many of them are parasitic on the skin 
or the gills of aquatic animals, e.<f., on fishes and the cray-fish ; most 
of them, however, are only occasional parasites on the outer skin of 
warm-blooded animals. Certain forms are predaceous and, as for 
example Anlastomum yulo , eat snails and earthworms, or, like Clepsine , 
suck snails. They do not feed exclusively on any special genus of 
animals, and their diet is not always the same in the different periods 
of their existence. Hirudo medicinal is in its young stage lives on 
the blood of insects, then on that of frogs, and only when it lias 
attained sexual maturity is a diet of warm blood necessary to it. 

Lin. Rhyncobdellidae. Leeches with proboscis. Body elongated, cylindrical , 
or broad and fiat ; with an anterior and posterior sucker, and a powerful pro- 
frusible proboscis in the buccal cavity ; with paired eyes on the anterior sueker. 
Organs concerned in the formation of blood corpuscles occur (so-called valves) 
111 the dorsal contractile vessel. Phcieola Blainv. {Iehth yobdrlluhc). P. <j< ometra 
h-. o’n fresh water fish. P. rexpimns Tr., with lateral vesicles which dilate as 
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the blood enters. PontobdrVn muvicata L.,on Kays. liranrhcllinn torpnlinu 
Sav., Clcpxinc Sav., Qtftpstnidrc^), (\ l . bioculata Sav., CL amiplanata Say., Cl. 
marginata (). Fr. Mull, lhcmcntana inmranu de Fil., JI. officinal** de Fil., 
both in the Lagunes of Mexico, the latter used for medicinal purposes. U. 
Ghilanit de Fil., in the river Amazon. 

Fam. Gnathobdellidee. Leeches with jaws. Phaiynx armed with three fre- 
quently serrated jaws, and folded longitudinally, hi front of the mouth there 
is a linged, spoon-shaped piocesx. which forms a kind of oral sucker. The 
cocoon has a spongy shell, lltnuh > L. Usually with 115 distinct rings, of which 
four are upon the spoon-shaped upper lip. The three anterior rings, the fifth 
and t hi' eighth, bear the five pairs of eyes. The male genital opening lies between 
the 21th and 26th. the female between the 29th and 30th rings. The three 
jaws are finely serrated and can be moved like a circular saw in a manner 
well adapted to inflict a wound, which readily heaK, in the external skin 
of man. The stomach has eleven pairs of lateial cieca, of which the last pair is 
very long. The cocoon* are deposited in damp earth. If. medicinal} a L , with 
the vanety distinguished as officinalis, possesses 80 to 90 fine teeth on the free 
edge of the jaws art! attains a length of about six inches. They were 
formerly common in Germany and are still frequently to be found in Hungary 
and France. The\ are cultivated in special ponds and take three ycaTs 
to attain sexual maturity. IRcmopsts rora-c Moq. Tand, the horsc-loech. 
30 coarse teeth on the edge of the jaws, which enable it to inflict wounds on 
soft mucous membranes. The hoi sc-leech is indigenous in 1€ui ope. and espe- 
cially North Africa. It attaches itself to the interior of the pharynx of horses, 
cattle and men. Aulaxtowum gvlo Moq. Tand. Also known as the horse- 
leech, feeds on Molluxea. X phi 1 is Sav.. X. rulgun* Moq. Tand. 

Fam. Branchiobdellidse. The body in the extended condition is nearly 
cylindneal and is composed of tew unequally ringed segments. There is a 
bilobed cephalic lobe without eye*, with a well -de\ eloped sucker at the posterior 
end ot the body. Phaiynx without proboscis, with two flat jaws lying one 
above the other. Rrunchiohdiflu paruxitu Henle, li. tt start Odier. 


( LASS IV. — KOI ATOUIA * ~ llOTIFKHA. 

With a retractile ciliated apparatus at the anterior end of the body, 
with cerebral ganglion and excretory canals ; without heart or true 
vascular system . The sexes are separate . 

The Rotifera are Worms which can he deriv ed from Lo Yen’s larva 
and have* nothing to do with the Arthropoda , since they are without 
limbs and do not develop metamere.x. The body of the Rotifera is 
certainly externally segmented and divided into more or less sharply 

•* Hhienberg. ‘‘ Die Infusionsthierchen als vollkoinmene Organi amen,” Leipzig. 
1838. Dnjaidin, Histoire naturclle dcs Infusoi res,” Paris, 1841. Dalrymple, 
Phil. Tran*. Roy, Soc. 1841. Fr. Lcydig, ‘‘ Ueber den Bau unddie systematische 
Stelhuig dei Kddcrthiere,’’ Zcitsrhv. fur nuxx. ZooL, Bd. VI., 1854. F. Cohn, 
“ Ueber ltadcrthierc,” Zctxchr. fur was*. ZooL, Bd. VJL, 1866, lhl. IX., 1868, 
Bd. XII., 1862. Gosse, “ On the Structure. Functions and Homologies of the 
Manducatory Organs of the class Botifera,” Phil. Tran* ., 1866. AV. Kalenxky, 
“ Beitriige ziir Kntwickelungsgcxehichte des Brachionus urceolariH,” Zcitschr. 
fur tvixx. ZooL , Tom. XXII., 1872. 
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defined and very dissimilar regions, but the internal organs show no 
trace of any corresponding segmentation. There is therefore no true 
segmentation, L.e., division of the l>ody into metameres. It is usually 
possible to distinguish an anterior region of the body, in which the 
whole of the viscera are situated, and a posterior movable foot-like 
region, which terminates in two opposed pincer-like styles and is 
used both in locomotion and for attachment. The broad anterior 
portion of the body, as well as the narrow posterior legion, is often 
divided by transverse constrictions into several rings, which can be 
drawn into one another like the rings of a telescope and can be bent 


more or less freely 
upon one another. 

The anterior cili- 
ated and usually re- 
tractile apparatus 
which projects at the 
anterior end, and is 
termed the trochal 
disc, or from its like- 
ness to a rotating 
wheel, the wheel or - 
gan, is an important 
characteristic of the 
Rot if era. Very fre- 
quently, especially in 
the parasitic forms, 
this trochal disc is re- 
duced, and in certain 
cases entirely aborted 



(Aps> ilus). I n Notom - 
mata turd igrada the 
trochal disc is reduced 


Fig 321- Ift/datimi #< n ta (after F Cohn) a. Female; ft, 
irmle. Jior, Ttothal disc , CBI , contractile \e&iele; Wir , 
ciliated funnel ot the excretory apparatus (Ex) , A, jnwn , 
D ) , sal\ ary tfl.iudb , Md , stomach, Oi , ovary, T, testis ; 


a small ciliated 


lip round the mouth; in II ydat ina (fig. 324) to the margin of the 
head, the whole circumference of which is ciliated. In other 


oases the ciliated edge projects over the head and forms the so- 
called double wheel, e.g., Pliilodina , Brachiomts, or becomes a 
ciliated cephalic shield, e.g., Megalotrocha , Tahicolaria. Finally, it 
lni y he produced into ciliated processes of various form ( Floscidaria , 
Htephanoceros). As a rule, the cilia form a continuous border, 
Parting from the mouth and returning to it. The cilia are chiefly 


26 




402 


ROTIFEBA. 


concerned in locomotion, but in addition they play an important part 
in attracting small particles of food. There is also a second row of 
delicate vibratile cilia, extending on either side from the dorsal edge 
of the trochal disc to the moutli [parts of the continuous border of 
cilia just mentioned as starting from the mouth], which is placed on 
the ventral side of the trochal disc. These cilia serve to guide the 
small food particles which are captured by the trochal disc into the 
mouth. 

Alimentary canal. — The mouth leads into a dilated pharynx (fig. 
324), provided with a special armature. The parts of the armature 
are in continual movement, and serve for mastication. Following 
the pharynx there is a short oesophageal tube ; this leads into the 
digestive sac, which is lined with large ciliated cells. The anterior or 
gastric pai*t of this cavity is wide, and receives two large glandular 
tubes, which may sometimes be resolved into unicellular glands. 
They may be explained from their function as salivary or pancreatic 
glands. The posterior narrow intestinal part usually opens into a 
cloacal chamber, which is likewise ciliated and opens on the dorsal 
surface at the point where the foot-like posterior region joins the 
anterior part of the body. In some Rotifer a , as for example Asco- 
morpha, Asplanchna , the intestine ends blindly. 

A blood-vascular system is always wanting, and the bod) cavity 
is filled with a clear vascular fluid. The structures, erroneous!) 
described by Elirenberg as vessels, are in reality the transversely 
striped muscles and muscular networks beneath the integument. 

Respiration is carried on by the general surface of the body; 
special organs of respiration are wanting. 

Excretory organs. — Tire so-called respiratory canals are excretory, 
and correspond to segmental organs. They consist of tw r o sinuous 
longitudinal canals w T ith cellular walls and with fluid contents, and 
they communicate with the body cavity by ciliated funnel-shaped 
openings placed at the end of short ciliated lateral branches (vibratile 
organs). They open into the cloaca either directly or by means of a 
contractile vesicle (respiratory vesicle). 

The nervous system is allied to that of the Platyhelminthes. The 
central part of it consists of a simple or bi-lobed cerebral ganglion 
placed above the oesophagus, and giving oft* nerves to peculiar cuta- 
neous sense organs and to the muscles. Eyes are often present, and 
lie upon the brain either as an x-sluiped unpaired pigment body or as 
paired pigment spots provided with retractile spheres. The above- 
mentioned cutaneous sense organs, which are prohahl) tactile, have 
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the form of prominences beset with hairs and setae, or even of tubular 
elongated processes of the skin (respiratory organs of the neck), 
beneath which the sensory nerves end in ganglionic swellings. 

Generative organs. — The sexes are separate, and are distinguished 
by a strongly marked dimorphism. The very small males have 
neither oesophagus nor intestinal canal, which are reduced to a string - 
like rudiment ; and they leave the egg completely developed. Their 
generative oigans are reduced to a testicular sac filled with 
spermatozoa, the muscular duct of which opens at the hinder end 
of the body, sometimes on a papilliform protuberance. The generative 
organs of the females, which are far larger than the males, consist of 
a roundish ovary tilled with developing ova, and of a short oviduct 
which contains one or but few ripe ova, and usually opens into the 
cloaca. Almost all Rotifera are oviparous ; and their eggs are 
distinguishable into thin shelled summer eggs and thick-shelled 
winter eggs. They carry both kinds of eggs about on their body, 
hut the summer eggs not unfrequently undergo their embryonic 
development in the oviduct. The summer eggs probably develop 
part hog enetieally, since at the season of the year when they appear 
the males are not to be found. The thick-shelled winter eggs, 
which are often dark coloured, are produced in the autumn and 
fertilized. 

Development. — As far as the embiyonic development is known, it 
shows a great agreement with that of many Gasteropoda (Calgptrmi). 
The ova undergo an irregular segmentation. The cells proceeding 
from the smaller segmentation spheres become accumulated at one 
pole, and finally enclose the darker coloured yolk cells completely, so 
that a two-layered embryo is formed. The cells of the outer layer 
are much poorer in granules than are those of the central entoderm 
lay ei , and form the ectodeim. A depression of the ectoderm is 
formed on the (later) ventral surface, from the side walls of which 
the two lobes of the troclial disc grow out (like the oral lobes of 
niollusc embryos). The hinder portion of the depression becomes 
the posterior part of the bod}', at the base of which a pit forming 
the first rudiment of the cloaca makes its appearance. The mouth 
and the anterior part of the alimentary canal are developed anteriorly 
at the bottom of the depression. The ganglion arises from the 
ectoderm in the cephalic region. There are no reliable observations 
011 the formation of the mesoblast. In the male embryo the 
‘levelopuient takes a different course, the alimentary canal not being 
completely developed. The free development takes place either 
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without or with an inconsiderable and sometimes retrogressive 
metamorphosis. This latter is most striking in the Floscularidce , 
which are fixed in the adult state. 

The Rot if era principally inhabit fresh water, in which they swim 
about by means of the trochal disc, and sometimes they attach them- 
selves to foreign objects by means of the forked glandular foot. 
When thus attached, they extend the anterior part of the body, 
and the cilia begin to move. The currents set up by the latter 
convey to the mouth food material, such as small Infusoria, Algae, 
Diatoms. Some species live in gelatinous sheaths and delicate tubes, 
others ( Conochilus ) are fixed by their foot in a common gelatinous 
mass, and are united to form a free-swimming colony. A relatively 
small number are parasitic. It seems that many species are able to 
endure drying, if it be not too prolonged. 

Fain. Floucnlarid®. Fixed Rot f era with a long transversely ringed foot, 
usually surrounded by gelatinous coverings and tubes. The margin of the 
head has a lobed or deeply cleft wheel-organ. Floseularia pvoho.se} <1 c a Ehrbg., 
Stephan ore vox Etrhhornit Ehrbg , Tubieolavia najas Ehrbg., Mthcerta rinr/tus 
L., Couoeli il ns rolrojr. Ehrbg. 

Fam. Philodinid®. Free, often creeping (in a looping manner) J tot if era ; 
with double-wheeled rotatory organ, and jointed, telescopically retractile foot, 
without gelatinous investment, ('alhdina clip a ns Ehrbg.. Rot fee vulgaris 
Oken ( R . red i virus Cuv.), Phi Jodi a a enjth rophthal ma Ehrbg. 

Fam. Brachionidae. Rot if era with bifid or multifid wheel-organ ; with 
broad, shield-shaped armoured body ; and foot ringed, or with short segments. 
Rrarhwnux Rafter i O. Fr. Miill.. R. mtlitan s Ehrbg.. Eurhhnx is triquetra 
Ehrbg. 

Fam. Hydatinid®. Edge of wheel -organ prolonged into numerous processes 
(multifid) or only sinuous ; skin delicate, often ringed; foot short, usually 
forked, with two setae or pincer-shaped. Ilgdatina Ehrbg.. JI. scuta 0. Fr. 
Miill. with Elite roplca Jit/dafimr Ehrbg., as male, Xotommata tardigrada 
Ldg.. .V. Jirachtonvs Ehrbg., X. paraxita Ehrbg. 

Fam. Asplanchnid®. The sac-like unarmoured body is destitute of rectum 
and anus. Asplunehna Si eh old x i Ldg., A. mgrmeleo Ehrbg., Aseonwrpha 
german tea Ldg. 

Two groups of small animals are allied to the liotifera : — (1) the 
Echinoderid® which Dujardin and Clrecf regarded as connecting links betsveen 
Vermes and Arthropod a ( Eehinoderes JJvjardmit (lap., E. setigera (Jreef) , 
and (2) the Gastrotricha * or Ichthydina ((Ixvetonotus). 

* Compare E. Metsehmkojf \ Ueber einige wenig bekaimte niedere Thier- 
formen.” Zeitxclir. fur /ris.s. Zool ., Tom. XV., 1865. Aho the works of 
H. Ludwig and O. Biitscbli. 
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CHAPTER X. 

ARTHROPODA. 

Laterally symmetrical animals with heteronomously segmented body 
and jointed segmental aj)pendages ; with brain (supracrsophageal 
ganglia) and central nerve cord {ganglionic chain). 

The most important characteristic which distinguishes the Arthro- 
poda from the closely allied segmented worms, and is an essential 
condition of a higher organization and giade of life, is the possession 
of jointed segmental appendages which serve as organs of locomotion. 
In place of the un jointed parapodia of the Chwtopoda, jointed 
appendages more adapted for locomotion and confined to the ventral 
surface, are present. Every segment may possess a ventral pair of 
appendages which, in the simplest case, are short and consist of only 
a few joints {Perijyatvs) (lig. 325). While in the Annelida loco- 
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Fig 325 — Ptripufus ntjKn^m (attei Moseley) 


motion is effected by the movements of the segments and uiululatory 
movements of the whole body, in the Arthropodu the function of 
locomotion is removed from the chief axis of the body to the 
secondary axes, i.e., to the paired appendages, with the lesult of the 
possibility of a much more efficient discharge of the function. The 
appendages enable the Arthropodu not only to swim and creep with 
much gi eater ease and speed, but also to execute \ariou^ kinds of 
moie complicated movement, e.g ., running, climbing, spiinging, and 
flying. The Arthiopoda aie, therefore, true terrestrial and aerial 
animals. 

The high development of the organs of locomotion as paired 
appendages leads of necessity to a second essential property, viz., to 
the heteronom y of the segmentation, and in connection with this to the 
baldening of the outer layer of the skin to form a firm exo-skeleton. 

the function of the limbs is to be perfectly discharged, there will 
he need of a considerable mass of muscle, the points of attachment 
of which can only be furnished by the integument of the body. 
The insertions of the appendages and their muscles, therefore, require 
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rigid surfaces, which are obtained partly by the development of 
internal cliitinous tendons and plates, and partly by the hardening 
of the integument and the fusion of several segments to form 
larger armoured regions. It is only when the movements are 
simpler and resemble those of Annelids, that all the segments 
remain independent and bear similar appendages along the whole 

length of the body 
(larva*, Myriapoda). 
In general, * three 
regions of the body 
can be distinguished, 
the head, the thorax , 
and the abdomen, the 
appendages of which 
possess respectively a 
different structure 
and function(fig.326). 

The head constitutes the short and compact anterior region of the 
body, is covered by a hard integument, encloses the brain and bears 
the sense organs and mouth-parts (jaws). The appendages of this 
region are modified to form the antenna* and jaws . The head of 
Arthropods, as compared with that of Annelids, contains, besides the 
frontal (pneoral) or antennal segment and the oral segment, in 



Fig. 826. — Head, thorax and abdomen of an A end mm. Keen 
irons the tide. St, Stigmata ; T, tympanum. 



Fig. 327 - Sqtnfla numti*. A', A " Antenmr , Kf, Kf " the anteiior msixillipcdu on the 
cephalo-thorax ; B B", the three pairs of biramous feet. 


addition at least one jaw segment, the appendages of which may, in 
larval life ( Naujdius), still function as legs. Usually, however, 
several of the succeeding segments whose appendages function as 
jaws form part of the head. 

The middle portion of the body, or thorax, is likewise distinguished 
by a relatively intimate fusion of some or all of its segments, as well 
as by the hardness of its integument. It is sometimes sharply 
marked off from the head, sometimes fused with the head to form a 
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region of the body called the ceplmlotliorax (fig. 327). The thorax 
bears the appendages which are of most importance in locomotion. 

The posterior portion of the body, or abdomen, is composed of 
distinctly separate rings, and is, as a mle, without appendages. 
When the latter are present, they serve partly as aids to locomotion 
(abdominal feet), partly for respiration, or for carrying the eggs and 
for copulation. More rarely, as for example in the scorpions, the 
abdomen is divided into a broad anterior region, the prceabdomen , 
and a narrow movable posterior region, the postabdomen . 

The skin, aS in the Annelida , consists of two different layers, — an 
external firm, usually homogeneous chitinous layer, and an internal 
soft layer, which is composed of polygonal cells ( matrix , hypodermic) 
and secretes in layers the at first soft chitinous cuticle (fig. 22). 
The latter usually becomes hardened by the deposition of calcareous 
salts in the chitinous basis, so as to form the firm exoskeletal 
armour, which, however, is interrupted between each segment by 
thin connecting membranes. The various cuticular appendages of 
the skin (fig. 22, a> b , c), which may have the form of simple or 
pennate hairs, of filaments, setae, spines and hooks, originate as 
processes and outgrowths of the cellular matrix. The chitinous 
cuticle together with its appendages is from time to time, principally 
in the young stage during the period of giowth, renewed, the old 
cuticle being cast off as a continuous membrane (ecdysis, or moult). 

The muscular system never constitutes a continuous envelope 
but the muscles are usually broken up into segments which corre- 
spond with the segmentation of the animal. The muscles of the 
body .ue arranged in longitudinal and transverse bundles in the 
different segments, and are frequently interrupted. There are in 
addition large groups of muscles, which move the appendages. The 
muscular fibres are always cross-striped. 

The internal organization is allied to that of the Annelida , but 
does not present such a well-marked internal segmentation. 

The nervous system consists of brain, (esophageal commissures 
and a ventral cord. The latter usually has the form of a ganglionic 
chain (fig. 328), and is placed beneath the alimentary canal. Some- 
times, however, it exhibits great concentration, and may have the 
foim of an unsegmented ganglionic mass beneath the (esophagus. 
The segmentation of the ventral ganglionic chain presents in details 
the greatest variations ; in general, however, it corresponds to the 
heteronomous segmentation of the animal, in that in the larger 
regions of the body, which have arisen by fusion of several segments, 
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an approximation or fusion of the corresponding ganglia has taken 
place. In one case only, viz., in the Pentastomidir , which in form 
and grade of life resemble the intestinal worms, the dorsal part of 
the (esophageal commissure is not swollen out to form a cerebral 
ganglion, and the central parts of the nervous system are com- 
pressed together into a common gangli- 



onic mass beneath the oesophagus. In 
all other cases the brain is a huge gangli- 
onic mass lying above the oesophagus, 
and connected by means of the oesophageal 
ring with the anterior ganglion of the 
ventral chain, which is usually placed in 
the head and is known as the suboeso- 
phageal ganglion (tig. 328). The sense 
nerves arise from the brain, wdiile the 
ganglia of the ventral chain send nerves 
to the muscles, organs of locomotion and 
the bod} covering. 

Visceral nervous system. — In addition 
to the brain and ventral ganglionic chain, 
which are comparable to the cerebro- spinal 
system of Vertrhrata , we can distinguish 
ill the larger and more highly organised 
Arthropoda a visceral nervous system 
( sympathetic ), which consists of special 
ganglia and plexuses connected with the 
other system and specially distributed to 
the alimentary canal. In the higher Ar- 
tliropodu , paired and unpaired visceral 
nerves are very generally present, both 
of which have their origin in the brain. 

Sense organs. — Eyes are most generally 


Fig. 328.— Nervous system of 
the larva of (Joccmella (after 
Kd. BrandtJ Gfr, Frontal 
ganglion, G, brain ; 6/7, sub- 
cesophageal ganglion; G' to 
O ", ganglia of the ventral 
chain m the thorax and 
abdomen. 


distributed, and are only absent in a few T 
parasitic forms. In their simplest form 
they are paired or unpaired structures 
placed upon the brain, provided with re- 
fractive bodies, and with or without a 
simple lens (stemmata, or simple eyes). 


The compound eyes, which are always paired, are much more 


complicated. They are distinguished by the presence of nervous 


rods and crystalline cones, and may be divided into faceted eyes 
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and eyes with smooth cornea ( Cladocera ). The former possess 
numerous lenses, and are sometimes placed on movable stalks 
( J)ecapod(i). Occasionally accessory eyes are found on other parts 
of the body, on the jaws ajid between the legs of the abdomen 
( Evpluiusia ). 

Avditory organs are found most frequently- in the Crustacea as 
auditory vesicles with otoliths in the basal joint of the anterior 
antenme, or rarely in the appendage of the abdomen known as the 
fan (tail of Mysis). In Tnsecta , auditory organs of a very different 
structure have been discovered. 

Olfactory organs are also widely distributed. They are situated 
on the surface of the antennae, and consist of delicate tubes or 
peculiar conical projections, beneath which the sense nerves end in 
ganglionic swellings. 

Tactile organs . The antenna? and palps of the oral appendages 
and the ends of the limbs have a tactile function. These parts are 
provided with peculiar hairs and seta?, beneath which nerves end in 
ganglionic s^vellings. 

Alimentary canal. — An independent digestive apparatus is always 
present, but its structure and degree of development are very 
vaiious. The alimentary canal is only exceptionally degenerated 
and absent ( Rhizocephala ). The mouth is placed on the ventral 
surface of the head. It is furnished with a projecting upper lip, 
and usually with paired appendages, which are used either for 
masticating or for piercing and sucking. A narrow or wide 
(esophagus leads into the intestine, which either simply traverses the 
axis of the body or is disposed in several coils. The (esophagus and 
midgut (chyle stomach) may even be divided into several regions, 
and may possess salivary glands and hepatic appendages of various 
size. 

Excretory organs. — Urinary organs are widely distributed. In 
the simplest form they appear as cells on the surface of the intestine 
(lower Crustacea), in a more highly developed state as tubular 
tili form diverticula of the hindgut {Malpighian tubes) (fig. 329). In 
the Crustacea, glands are present in the shell {shell glands) and in 
the base of the posterior antenna? ; they are regarded as the 
morphological equivalents of segmental organs. 

The circulatory and respiratory • organs present the greatest 
differences in the various groups of the Arthropoda. In the 
amplest case the clear, more rarely coloured blood fluid, which is 
often corpusCulated, fills the l>ody cavity and the interstices of all 
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the organs, and is circulated in an irregular manner by the move- 
ments of the different parts of the body. Not unfrequently ( Achtlieres 
and Cyclops) the circulation is effected by the regularly repeated 
movements of certain organs (intestine, vibratile plates, etc.) ; in 
other cases, a short saccular heart is present dorsally above the 
intestine ; or a long vascular tube (the dorsal vessel ), divided into 
chambers, serves as a propelling organ. From this, vessels ( arteries ) 

may arise, which conduct the blood in 
definite directions. Vessels for returning 
the blood [veins) may also be present. 
These either begin in the body cavity, 
or are connected with the ends of the 
arteries by capillary vessels. The vascular 
system seems never to be completely 
closed, since even when the circulation is 
most complete, lacunar spiices of the body 
cavity are found inserted in the course 
of the vessels. 

Respiration is very frequently effected, 
especially in the smaller and more deli- 
cate species of Arthroj)oda , by means of 
the entire surface of the body. In the 
larger aquatic foi*ms, the function of respi- 
ration is assumed by special tubular, 
usually branched appendages of the limbs 
[branch m ) ; while in the air-breathing 
Insects, (' entipedes , Scorpions, and Spiders, 
respiration is performed by means of in- 
ternal branched tubes filled with air 
[trachea') or by pulmonary sacs [fan 
trachea*). 

The reproduction of the Arthropoda is 
port). R, Proboscis (Maxilla?) ; usually sexual, but sometimes takes place 
phat™™? Ku^kmVs^mMh’i ty the development of unfertilized ova 

My . Malpighian tubes; Ad, (partite noqenesis ) . Ovaries and testes are in 
rectum. ' . . * . . . . . 

their origin paired, as are also the gene- 
rative ducts, which often have a common terminal portion and 
open by a median generative aperture [fnsecta, Arachnoidea). With 
a few exceptions [Cirripedia, Tardiyrada), the sexes are separate. 
Males and females frequently differ essentially in their entire form 
and organization. In rare cases, for example in the parasitic 
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Crustacea , there is such a marked sexual dimorphism that the males 
remain small and dwarfed, and are attjiehed like parasites to the 
body of the female. During the act of copulation, which is often 
limited to the external union of the two sexes, the spermatophores 
are fastened to the female genital segment or thrust into the vagina 
by the organ of copulation, whence they sometimes pass into a 
special receptaculum seminis. Most A rthropoda are oviparous, but 
in almost every group there are viviparous forms. The eggs are 
frequently carried about by the mother, or deposited in protected 
places where food may easily tie obtained. The embryonic development 
( i.e ., development within the egg) is characterised, except in the case 
of the small stout embryos of the C yclo/mlw, Pen tastomi(la j and 
A carina, by the presence of a ventrally placed primitive streak, from 
which especially the ganglionic chain and the ventral parts of the 
segments proceed. The more or less complex embryonic development 
is usually followed by a complicated metamorphosis, during wdiich 
the young form as larva undergoes several ecdyses. Numerous seg- 
ments and parts present in the adult are not unfrequently wanting in 
the just-hatched larva ; in other cases, all the segments of the adult 
aie indeed present, but are not as yet fused together to form regions. 
In such cases, the larvae resemble the Annelida in their liomonomous 
segmentation, and in their locomotion and mode of life. The meta- 
morphosis may however be retrogressive ; the larva? are hatched with 
sense organs and appendages, but in the further course of develop- 
ment they become parasitic, lose their eyes and organs of locomotion, 
and develop into strange unsegmented (Lenuea) or entozoon-like 
(Pentastomida ) forms. 

The Arthropoda are no exception to the general rule that the 
aquatic forms which breathe by gills are lower and, from a genetic 
point of view, older than the air-breathing members of the same 
group, inasmuch as the Branch lata or Crustacea are the older, the 
Tracheata the younger types. 


CLASS I. -CRUSTACEA* 

Aquatic Arthropoda , which breathe bp means of (/ills. The}/ hare 
two pairs of antenna* ; numerous paired leys on the thorax , and 
unialh/ aho on the abdomen . 

* Milne Edwards, “ Histoire naturellc des Crust aces, ” 3 vol. and atlas, 1838- 
1840. c. Claus. “ Unteisuchungen ziu Erforsclmng der genealogischen Grund- 
lage des Orustaceensystems,” Wien, 1870. 



412 


ABTHROPODA. 


The Crustacea, whose name is derived from the body covering 
(which is often hardened), are principally aquatic animals. Some 
forms, however, can live on land, and possess respiratory organs 
adapted for breathing air. An important character of the group 
is the great number of paired appendages. The appendages of all 
the segments,- even those of the head, may be used in locomotion 
(fig. 330). As a rule, the head fuses with the thorax, or at any rate 
with one or more of the thoracic segments, to form a ceplialo thorax ; 
which is follov^ed by the remaining free thoracic segments. Some- 
times, however, these two regions of the body remain distinct. The 
head and thorax are seldom so sharply marked oft* from one another 
as, for example, in the Insecta : usually certain appendages, the 
so-called maxillipeds, occupy an intermediate position between legs 
and jaws, and being placed at the boundary between the two 

regions may be rec- 
koned either as be- 
longing to the head 
or the thorax. The 
fusion of the seg- 
ments may be very 
extensive ; not only 
may the head and 
thorax be united, 
but the boundary be- 
tween thorax and 
abdomen may vanish, 
and the segmentation 
may even disappear. As a general rule, the form of the body 
presents extraordinary differences in the various groups. A redupli- 
cature of the skin arching over the thorax and covering the lx>dy as 
a shell is frequently present. This fold of the integument constitutes, 
in extreme cases, a mantle-like investment, which may develop 
calcareous plates and occasion a certain resemblance to La me Hi - 
branchs ( C imped ia ). In other cases the body has quite lost its 
segmentation, and the animal resembles a worm (Lerna'cr, Sacculina). 

On the head there are usually two pairs of antenna*, which 
function as sense organs and sometimes also as organs of locomotion 
or of prehension. There is a pair of large jaws (the mandibles), one 
on each side of the mouth, over which a small plate, known as the 
upper lip, often projects. The mandibles are simple but very rigid 
and hard masticating plates, which are usually toothed and correspond 
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morphologically to the coxal joint of a limb, the following joints 
developing into a palp-like appendage ( mandibular palp). Then 
follow one or more pairs of weaker jaws (: maxilla * ), and one or 
more pairs of maxillipeds, which more or less resemble the legs 
and, in parasitic forms, are often used for adhering (fig. 331). In 
parasitic forms, the upper and under lips not unfrequent ly give rise 
to a suctorial proboscis, in which the styliform mandibles are placed. 
The appendages of the thorax, of which at least three pairs are 
present ( Ostracoda ), present an extremely various structure, in 
accordance with the 
mode of life and the 
use made of them. 

They are either broad 
leaf - shaped swimming 
feet ( Pht/Uopoda ), or bi- 
ramous appendages 
(Cope port a) ; they may 
serve to produce currents 
in the water like the 
feet of the ( 1 irripertia, 
or they may be used for 
crawling, walking, and 
running ( Isopocla , Deca- 
poda). In the latter 
case, some of them end 
with hooks or chela*. 

Finally the appendages 
of the abdomen, which 
frequently itself moves 

. - . Fir* 331 — Young 1 stni>e (laiva) of the Lohstci (after G 

1H toto and assists m 0 SurtO «, The lnr\a seen from the side, S, ros- 
locomotion, are either tium, 1 , A , antenna*, Kf thnd maxilliped, 

, . F , ante 11 or ambul.it ory log h, mandible With palp , 

exclusively locomotory < antenor maxilla with two blades and palp, d, pos- 
its jumpin'** or swim- tenoi maxilla with vilnatilo plate (hcaphognathite) , 

. * * p e, hist, f, second maxilliped 

Bnill K feet (Amphijxxla), 

in whicli case they usually differ from the appendages of the thorax; 
or they serve with their appendages for respiration, as well as for 
carrying the eggs, and for copulation (JJeca porta). 

The internal organization is not less varied than is the external 
form. 

In the low^er forms, the nervous system often consists of a 
ganglionic mass, which surrounds the oesophagus and is not further 
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segmented. This ganglionic mass corresponds to the brain and 
ventral cord and gives off all the nerves. In the higher Crustacea , 
a distinct brain and ventral ganglionic* chain, which is usually 
elongated and of very varied form, as well as a rich plexus of 
visceral nerves and ganglia of the sympathetic system are always 
present. 

Of sense organs, eyes are the most widely distributed. They 
may have the form either of simple eyes (paired or unpaired), or 
compound eyes with smooth or faceted cornea ; in the latter case 
they are often placed on movable stalks, which are attached to the 
lateral regions of the head. Auditory organs are also present usually 
in the basal joint of the anterior antenna, rarely in the caudal plate 
at the posterior end of the body (J lysis). The delicate bail’s and 
filaments of the anterior antenna are probably olfactory organs. 

The digestive canal is, as a rule, straight, extending from the 
mouth to the anus at the posterior end of the body. In the higher 
forms the < esophagus is usually dilated in front of the mesenteron 
(midgut) into a stomacli or crop, which is armed with chitinous 
plates. The mesenteron is provided with simple or ramified 
hepatic caca. 

Excretory organs. —The so-called shell glands of the low^er 
Crustacea are regarded as urinary organs, as are also the glands 
opening at the base of the posterior antenna in the Malacostraca. 
Ln the Entomost raca the latter are only preserved during larval life. 
Short tubes, which correspond to the Malpighian tubes of the 
Tracheata, may also be present on the rectum ( Amphipoda ). 

The circulatory organs present every possible degree of perfection, 
from the greatest simplicity to the highest complication of an 
almost closed system of arterial and venous vessels. The blood is 
usually colourless, but is sometimes green or even red, and as a 
rule contains cellular blood corpuscles. 

Respiratory organs are either entirely wanting, or are repre- 
sented by branchial tubes on the thoracic or abdominal appendages. 
In the first case they are often contained in a special branchial 
cavity at the sides of the cephalothorax. 

Generative organs. — With the exception of the Cirripedia and 
certain Isopod a, all (Wmtacea are of separate sexes. The male and 
female generative organs usually open on the boundary of the 
thorax and abdomen, either on the last or the antepenultimate 
thoracic ring, or on the first abdominal segment. The two sexes 
are very often distinguished by a number of external characteristics. 
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The males are .smaller, sometimes even dwarfed, and then attached 
to the females like parasites. They almost always possess appa- 
ratuses for holding the females and for transferring the spermato- 
pliores during copulation. The larger females, on the other hand, 
frequently carry the eggs about with them in sacs, the membranes 
of which are secreted by the so-called cement glands. 

Development takes place either directly or by metamorphosis. 
The metamorphosis is sometimes retrogressive. When the develop- 
ment is direct, the young animals, on leaving the egg, already have 
the body form of the adult. The larva known as the Xauplivs 
(fig. 332) is of great importance as a point of departure. This 
lai\a possesses an oval body, on the ventral side of which are present 
tlnee paii*s of appendages for the sense of taste, the prehension of 
food, and for locomotion. These appendages correspond to the two 
pairs of aptenme and mandibles respectively. Parthenogenesis is 
said to occui in certain groups ( Pht/llo - 
pod a). 

Almost all Crustacea are carnivorous. 

Some of them suck the juices of living 
animals on which they are parasitic. 

For the systematic review of this 
heterogeneous group, it is convenient to 
dnide the numerous orders into two 
series. 

1. The small simply organized Crus- 
tacea, the number and form of whose 
appendages is very various, will be in- 
cluded as Entomostraca (0. Fr. Muller). 

To this group belong the orders Pht/llo- 
poda, Ostracoda , ( 'opepoda, and Cirripedia. 

2. The higher Crustacea, characterised by a definite number of 
segments and appendages, may be grouped together as Malacostraca 
(Aiistotlo). In this group are included the orders of Arthrostraca 
(A hiphipoda and Isopoda), and Thoracostraca (Cumacea Stomatojioda, 
Mchnopoda, and ])ecap>oda). 

In addition there is the genus Nehalia, which has been hitherto 
moneously placed with the Phijllopoda, but which is to be regarded 
as the representative of an ancient group connecting the Plnjllopoda 
^itli the Malacostraca, and nut} be opposed to the latter as Lept- 

ostraca. 

Pinally, in addition to these chief divisions, there is a number 


A' 



Fig 332. — T'saupliu*' lar\a of 
Balami *, seen from the side 
A First appendage (first au- 
tctma); A .second appendage 
(second antenna) , Miff, third 
appendage (mandible) , Ob, 
nppei lip , D, mtestme 
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of Crustacean orders, for the most part fossil and belonging to the 
oldest formations, which present in their development no certain 
trace of the Nauplius form so characteristic of the true Crustacea, 
and are in all probability related to the Arachnoid ea. These orders, 
which may be grouped together as the Gigantostraca, are the 
Merostomata and Xiphosnra , to which the Trilohita are possibly allied. 


1 . — ENTOMOSTRACA. 

Order 1. — Phyllopoda. 1 * 

Crustacea with elongated and often distinctly segmented hod// , 
usually with a flat , shield-like carapace , or laterally compressed hi calve 
shelly formed hy a reduplicature of the skin . There are , at least, four 
pairs of leaf like lobed swim mint/ feet. , 

The animals belonging to this order differ very considerably in 
form and size, in the nlunbei* of their segments and appendages, as 
well as in their internal structure. They all, however, agree in 
the structure of their lobed, leaf-like feet. In their form, internal 
organization and development they appear to be the most primitive 
of Crustacea, and may he regarded as the least modified descendants 
of ancient types. 

The body is either cylindrical, elongated and clearly segmented, 
without free reduplicature of the skill, e.y. Branchqms (tig. 333), 
or it may be covered by a broad and flattened shield, which only 
allows the posterior part of the body to project uncovered, e.y . Apns. 
in other cases the body is laterally compressed and is enclosed by a 
bivalve shell, from which the anterior part of the head projects 
( Cladocera ) ; or finally the laterally compressed body is completely 
covered by a bivalve shell ( Estherida* ). Sometimes the head is 
more sharply distinct, while the thorax and abdomen are not s o 
clearly distinguishable from ejich other. As a rule, the posterior 
segments only are without appendages. The hind end of the 
abdomen is very often curved ventralwards and forwards, and 
bears two rows of posteriorly directed claws, the two last of which 
arise at the point of the caudal appendage, and are by far the 

* Besides the works of O. Fr. Miiller, Jurine, M. Edwards, Dana, compare 
Zaddach, Do Apodis cancriformis ana to rue et historia evolutiunis,” Bonn®, 
1841. E. Grube, “ Bemcrhungen iibcr die Phydopoden,” Arehir fur Xat urf/rsrh, 
1853 and 1855. Fr. Leydig, “ Monographic dcr Daphniden,” TUbingcn, 1860. 
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strongest. In other cases a pair of fin-like appendages are present 
constituting the caudal fork ( Branchipus ). 

Appendages. — On the head there are two pairs of antenna?, which 
however, in the adult animal, may be rudimentary or peculiarly 
modified. The anterior antennae are small, and bear the delicate 
olfactory hairs. The posterior antenna* frequently have the form 
of large biramous swimming appendages, but in the male may also 


have a prehensile function, 
e.(j ., Branchipus. In other 
cases ( Apus ) they are rudi- 
mentary and may even be 
entirely absent. 

Two large mandibles are 
always present beneath 
the well developed upper 
lip; they possess a toothed, 
biting edge, and in the 
fully developed condition 
are invariably destitute of 
palps. The mandibles are 
followed by one or two 
pairs of slightlv developed 
maxilla*. A kind of under- 
lip is in many cases present, 
in the form of two promi- 
nences behind the mandibles. 

The legs , which are placed 
on the thorax, are usually 
a ery numerous, and are 
smaller towards the poste- 
rioi end of the body. They 
are lobed, leaf-like, bira- 
mous structures, and func- 
tion as swimming feet ; 
they also assist in procuring 
iood. They consist of the 



Fig 333 -Male of Bronchi pm stagnah* Rg, Heart 
or dorsal vessel with a pair of slit-like openings 
m each segment , D, intestine , M, mandible , Sd, 
shell inland , Br, branchial appendages of the 
eleven pairs of legs , T , testis. 


follow ing 


parts: a short basal portion, which is usually provided with 


a masticatory process and is follow ed by a long foliaceous stem with 


^eta? on its inner edge ; this is continued into the multilobed internal 
planch [endopodite] of the biramous limb, while it bears on its outer 
Sl de the external ramus [exopodite] with marginal seta*, and nearer 


‘27 
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its base a vesicular branchial appendage. The anteiior, or even all 
the legs ( Leptodora ) may have the form of prehensile feet, and 
be destitute of branchial appendages. 

The Phyllopods possess a large pair of eyes, which are sometimes 
fused together in the median line. In addition a small median 
simple eye (Entomostracan eye) may persist. They have a sticcular 
or chambered heart, which controls the regular circulation. Coiled 
excretory organs, known as shell glands, are sometimes present ; 
they open to the exterior by a special aperture on the posterior 
maxilla. The function of respiration is performed by the entire 
surface of the body, the area of which is much increased by the 
reduplicature of the skin forming the carapace; also by the folia - 
ceous swimming feet, and especially by the surface of the branchial 
appendages. 

Reproduction. — The Phyllopoda are of separate sexes. The males 
are distinguished from the females by the structure of the first 
pair of antenna? which are huger and more richly provided with 
olfactory hairs, and also by their anterior swimming feet which 
are armed with prehensile hooks. In general the males are less fre- 
quently met with than are the females, and, as a rule, only at definite 
seasons of the year. The females of the smaller Phyllopoda (CUido- 
cera) are able to produce eggs without copulation and fertilization ; 
and these eggs, the so-called summer eggs, develop spontaneously and 
produce generations containing no males. In certain genera of the 
Branch! opoda, e.g., Artemia and Apns , parthenogenesis is the rule ; 
the males, indeed, have only been known a few years. The females 
usually carry the eggs about witli them on special appendages, or in 
a brood pouch beneath the shell on the dorsal surface. The just 
hatched young either possess the form of the sexually mature animal 
( Cladocera ), or undergo a complicated metamorphosis, leaving the egg 
membranes as a nauplius larva with three pairs of appendages ( Bran - 
chiopoda). 

A few of the Phyllopoda live in the sea, the greater number 
inhabit stagnant freshwater ; some of them are found in brine pools. 

Sub-order 1. Branchiopoda.* Phyllopoda , with clearly seg- 
mented body, often enclosed in a flat, shield-shaped, or laterally 
compressed bivalved shell, with from ten to about thirty or more 
pairs of foliaceous swimming feet. 

* Schaffer, “Der krobsartige Kieferfuss,” etc. Regensburg, 1756. A. Kozu- 
bowski, *• Ueber den mannlichen A] >us cancriforans,” Arrhir fur Xaturge^ch 
Tom XXIII, 1857. C. Claus, ‘‘ Zur Kenntniss des Baues und der Entwickehnig 
von Branchipus und Apus,” etc., Gottingen, 1873. 
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Tlie alimentary canal is provided with two lateral hepatic appen- 
dages, which are, as a rule, branched and racemose and only excep- 
tionally short and simple. The heart appears as an extended dorsal 
vessel with numerous paired lateral slits, and may extend throughout 
the whole length of the thorax and abdomen (Branchijms). The 
genital organs, which are always paired, are placed by the side 
of the alimentary canal, and open at the boundary between the 
thorax and abdomen. In the females the genital openings are small 
slits ; in the male there may be protrusible copulatory organs at the 
openings (Branchijms). 

The males are distinguished from the females principally by the 
fact that the anterior, or two anterior pairs of legs, are armed with 
hooks ( Estlierido? ), or by the modification of the posterior antenna* 
to form a prehensile apparatus ( Branch ipus ) . Remarkable is the 
rare occurrence of the males ; they seem only to appear under certain 
conditions and in definite generations, which alternate with parthe- 
nogenetic generations. The eggs during development are generally 
protected within the body of the mother, and are carried about either 
in a saccular brood-pouch of the abdomen or between the valves of 
the shell on filiform ( Estheria , Branchipas), or in vesicular (Ajncs) 
appendages of different pairs of legs (9th to 11th). The eggs, so far 
as is known, undergo a complete segmentation. When hatched, the 
young animal has the form of a Nauplius larva with three pairs 
of appendages, of which the anterior (which become the anterior 
antenme) are in the Esther ulnt only represented by slightly de- 
veloped setigerous prominences. On the other hand, in Apus the 
third pair is small and rudimentary. 

Almost all the Branch iopoda belong to inland waters, and prin- 
cipally inhabit shallow fresh-water pools. When the latter dry up, 
the eggs, preserved in dry mud, remain capable of development. 
Some species, as Artemicc salina, are found in brine pools. 

Branch} pug piscifonnix S chaff — B, xtar/nalix L.. without a shell, found in 
the lakes of Germany, together with Apus eaneriformis, B. diaphanm Prev., 
France. Artcmia salina L., in salt pools, near Trieste, Montpellier. They 
sometimes lay eggs with a haul shell, sometimes they are viviparous. Apvx 
t'ancrifonnis Schiiff, with shield-shaped shell, Germany. The males, which are 
rare, can he recognized by the normal formation of the eleventh pair* of appen- 
dages. They live in puddles aud fresh- water lakes, together with Branch ipus. 
Bxthcria cy clad aides Joly L., with perfect shell. 

Sub-order 2. Cladocera.* Water-fleas. Small laterally com- 

Besidcs the works already quoted, compare H. E. Strauss, ** Mdmoirc sur les 

tyhnia do la classe des Crustacds,” Mem, dtt Mas, d'hist tint., Tom V. and 
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pressed Phyllojioda, whose body, with the exception of the head, 
which projects freely, is usually enclosed in a bivalve shell. They 
have two large antenna*, which are used in swimming, and four to 
six pairs of swimming feet. 

The Cladocera are small simply organized Phyllopods, whose 
resemblance to the larva* of the shelled Branchiopoda, particularly to 
the larva of Estheria with its six pairs of legs, gives the best indica- 
tion of the probable origin of the group. Unlike the anterior 
antenna*, which are short, the posterior are modified to form 
biramous swimming appendages beset with numerous long seta*. 
The four to six pairs of legs are not always foliaceous swimming 
feet, but in many cases have the form of cylindrical ambulatory 
or prehensile appendages. The abdomen, which is ventral ly flexed, 
develops on its dorsal side several prominences, which serve to 
dose the brood pouch. It usually consists of three free segments, 
as well as the terminal anal portion, which is beset with row's of 
hooks. The anal portion begins with two dorsal tactile seta* and 
ends with tw'o hooks or styles, representing the caudal fork 

(Jiff- 334). 

The internal organization is simple in correspondence with the 
small size of the bod}. The compound eyes fuse together in the 
middle line to form a large, continually trembling, frontal eye, be- 
neath which the unpaired simple eye usually remains. A special 
sense apparatus, whose function is not quite clear, appears in the 
region of the neck, in the form of an aggregation of ganglion 
cells. 

The heart has the form of an oval sac, w r ith two turns' verse lateral 
venous ostia and an anterior arterial opening. Its pulsations are 
rhythmic, and succeed one another quickly. In spite of the want of 
arteries and veins, the circulation of the blood, w hich contains amoeboid 
ceils, is completed in definite tracts marked out by lacunae and spaces 
in the body. The looped and coiled shell gland is always present. 
The cervical gland, which functions as an organ of attachment, is less 
widely distributed. The "sexual glands lie in the thorax as paired 

VI, 3819 and 1820. Loydig. *• Natmgesehiehte dcr Daplinideti,” Tubingen, 
1800. P. E. Muller. ** Bidrag til Cladoccrernes Fort plantings historic,” 
Kjbbenhavn. 1808. G. O. bars “ Omen dinioipli Udvikling samt Generations — 
vexel hos Leptodma,” T tdtn*k. Srhh Farit . 1873. A Weismann, “ Beitragc 
zur Kenntiss der Daphnoiden.” I — TV.. Leipzig, 1870 and 3877. 0. Claus. “ Zui 
Keimties dei Organisation und des foineren Italics dei Daplmideii, Zdt.f. wits. 
zooL , Tom XXVII. 1870. C. < laus. ■* Zm Kenntnbs des Banes und doi Oigani- 
saton der Poly phemi den.” Wien. 1877. C. Grobben, •• Die Kmbiyonalentwick- 
elungvon Moina reetiiostris," Arbeit en av* tlem zool. vergl . anatom . InUitvt. 

II Band. Wien, 1879. 
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tubes by the side of the alimentary canal. In the ovaries groups 
of four cells are separated ; one cell of each group becomes an ovum, 
while the rest are employed as nutritive cells for the nourishment of 
the ovum, which increases in size and absorbs fat globules. The ovary 
is directly continuous with the oviduct, which opens dorsally beneath 
the shell into the brood-pouch. The testes, like the ovaries, lie at 
the sides of the intestine and aie continuous with the vasa deferentia, 



Fig 311 — Dapknut C, Heart — the slit-like opening oi one side is visible, D, alimentary 
canal, L, hepatic diverticulum , A , anus , <», ceiebral ganglion ; O, eye , 8d t shell gland , 
Hr. hrood-nouch beneath the dorsal reduplicaturc of the shell. 


which open to the exterior ventrally behind the last pair of appen- 
dages or at the extreme end of the body, the openings being some- 
times situated on small slightly protrusible prominences. 

The smaller males usually appear in the autumn ; they may, however, 
also be present at any other time of the year, and, as recent investi- 
gations have proved in a tolerably satisfactory manner, always when 



4 22 


CRUSTACEA. 


the conditions of life and nourishment are unfavourable. Before 
the appearance of the males, hermaphrodite forms * sometimes make 
their appearance with an organization which is half male and half 
female. 

At the season when males are not present, normally in the spring 
and summer, the females produce the so-called summer eggs, which 
contain a large quantity of oil globules and are surrounded by a 
delicate vitelline membrane. They develop rapidly within the brood- 
poucli between the shell and the dorsal surface of the mother, and 
after the space of only a few days give rise to a fresh generation of 
young Cladocera , which escape from the brood-pouch. The embryonic 
development takes place accordingly under extremely favourable 
conditions, which depend upon the rich supply of food yolk in the 
large eggs, and are sometimes favoured by the secretion of additional 
food material within the brood-poucli. 

At the season when the males appear, the females, under the like 
influence of unfavourable nourishment and independently of copu- 
lation, begin to produce so-called winter eggs, which are incapable of 
developing without fertilization. The number of these hard-shelled 
winter eggs is always relatively small. They are, therefore, distin- 
guished from the summer eggs by their larger size and the greater 
quantity of food yolk ; and their origin in the ovary is accompanied 
by much more extensive processes of absorption. 

The DapJmida* live for the most part in fresh water. Certain 
species inhabit deep inland lakes, brackish water, and the sea. They 
swim quickly, and usually with a jumping movement. Some of them 
attacli themselves to solid surrounding objects by means of a dorsally 
placed organ of attachment, the cervical gland. When the body 
is thus fixed, the swimming feet seem to be able by their vibrations 
to set up currents in which small food particles are swej^t towards 
the animal. 

Sida crystal} ina 0. Fr. Muller. The six pairs of lamellar legs beset with 
Ions: swimming sette. The rami of the swimming antenna.' two- to three-jointed. 
Da pint ia pules l)e Geer. D. *imtt Liev. Five pairs of legs, of which the 
anterior are more or less adapted for prehension. One ramus of the swimming 
antennae is three- jointed, the other four-jointed. Pol yphrmvs prihrulu* De 
Geer. In the lakes of Switzerland, Austria, and Scandinavia. Enidnr Xordwanui 
Lov^n, North Sea and Mediterranean. Leptodm'a lu/alina Lillj., in lakes. 

* Compare especially W. Kurz, *• Ueber androgyne Missbildung bei Clado- 
ocren,” Sitzvngsber dev Akad. der 117 sscnsch. If 7 cw, 1874. Also Schmanke- 
witsch. 
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Order 2 . — Ostracoda.* 

Small, usually laterally compressed Entomostraca, with a bivalve 
shell and seven pairs of appendages , which function as antenna >, jaws , 
creeping and swimming legs . There is a pediform mandibular palp , 
and a short abdomen . 

The body of these small Crustacea is un segmented and is completely 
enclosed in a bivalve shell, which giv es the animal a resemblance to 
a mussel. The two valves of the shell join together in the middle 
line, and are fastened together by an elastic ligament along the middle 
third of the back. The action of this ligament is opposed by a two- 
headed adductor muscle, which passes from one valve of the shell 
to the othei and causes impressions discernible fiom without. The 
common tendon of the two heads of this muscle lies neai h in the 



Fta 3 Jo Female ( yprt* befoie sexual maturity, tlie n^bt valve of the wholl has been 
lemoved, 1-, t , first and bocoud pan ofontenni*, Ob upper lip, Md, mandible with 
ptdifoim palp, G, cerobial ganglion with unpan ed eye, SM, ndductor muscle , AT* , 
Mx , first and second pan of maxilla' , F , 1' , fiist and second pair of ftet , ru , caudal 
fork, M, stomach , A intestine, Z, hepatic tube, <u t iudimentui , y genital oiga ns 


middle of thebodv. The edges of the valves aie hee at both ends 
and along the vential side. In the marine Cypridinidtv there is a 
deep indentation in the edges of the valves, to allow the antenna* to 
pass out. When the valves of the shell aie open, seveial pediform 
appendages can be piotiuded on the ventral side, which enable the 
animal to move in the water either bv crawling or by swdmming. 

* H E. Istiauss-Duikheun, “Memone sui les Cypns de la classe des Clus- 
taces,” Mem flu Jftts <VJnst nut , Tom VII , 1821. W. Zenkoi, ‘‘ Moiiogiaphic der 
Ostraooden, ” Archn jin Aaturqisoli Tom. XX . 1S54 0 Claus, ‘‘Beitiage 

zur Kentmss dn Ostiacoden. Entwickoluuosgesehichtc von Cypns ” Mai burg, 
18(>S. C. Claus “ Neue Beobachtungen uber Cvpiidinen,” Zeitschr. fur vuss. 
Zool , lom XXIII « . Claus, ‘‘Die Familic d< 1 Halocypnden.” bchnften 
zooloqi'u Inn Inhalts. Wien, 1874. G. h. Biadv, “A Monogjaph of the Recent 
British Ostracoda,” Transait. of the Lin. bar , Vol XXVI. 
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The abdomen can also be protruded ; it either ends in a caudal fork 
{Cypris and Cy there), or has the form of a plate aimed with spines 
and hooks on its posterior margin {C ypridwut). 

Appendages. — The two pairs of antennse are placed on the 
anterior region of the body (fig. 336, A', A"), and are used as creep- 
ing and swimming legs. In Cypridina, however, the anterior pair 
is provided witli olfactory hairs. The antennee of the second pair in 
Cypris and Cy there resemble legs, and end with strong hooked 
bristles, by help of which the animal can atbich itself to surrounding 
objects. In the exclusively marine C ypridinidce and Halocypridce 
this pair of appendages has the form of biramous swimming feet, 
which consist of a broad triangular basal plate, a many-jointed 
endopodite beset with long swimming seta?, and a rudimentary 
exopodite, which, however, is stronger in the male and furnished 
with hooks of a considerable size. 

In the region of the mouth beneath and to the side of a tolerably 
large upper lip there are two powerful mandibles with a broad and 
strongly toothed biting edge. The mandibular palps, which are 
leg-like and elongated, are usually three-jointed and can be used as 
legs ( Mdf ). In exceptional cases ( Par ad oxostoma ) , the mandibles 
are styliform and are enclosed in a suctorial proboscis formed from 
the upper and under lips. 

The mandibles are followed by the first pair of maxi! he, which 
are in all cases distinguished by the great de\elopment of their 
basal portion and by the reduction of the palp. In the Cyprida* 
and Cytheridce the basal joint of the first maxilla bears a large 
comb-like setose plate, which by its swinging movements aids the 
function of respiration, but does not itself function as a gill. A 
similar branchial plate may also occur on the tw T o following appen- 
dages (the 5th aiid 6tli pair), which sometimes have the form of 
jaws, sometimes of legs. The anterior of these appendages (maxilla 
of the second pair or better maxilliped, fig. 336, Mjl") functions, in 
Cypris , chiefly as a jaw, but bears, besides the rudimentary bran- 
chial appendage, a short, backwardly directed, usually two jointed 
palp, which, how r ever, in certain genera and in Haloaypi'is becomes a 
short, three-jointed or even four-jointed leg. In Cythere it acts ex- 
clusively as a leg, and represents the first of the three pairs of legs 
present in this animal. In the Cypridina, however, it has completely 
the form of a jaw, and is provided with an enormously developed 
branchial plate (tig. 336 a, Mx n ). The appendage of the sixth pair 
is usually modified to an elongated, many-jointed, creeping and ad- 
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heiing foot. The appendage of the seventh pan is always elongated 
to the form of a leg, m Cythera it is foimed like the pieceding one, 



"Pig J3C — Cyj ridma mrditei ranra a, Female b, mile V, Stomach, IT heart, SM, 
adductor muscle, O, eje, O, unpaiied eje, G, bram Sts, fiontal organ T, testis, 
P, copulatory organ , Mdf mandibular palp, Mr , first maxilla, Mx , second maxilla. 
Pm, caudal folk 

but m Cypris it is curved upwaids, and is furnished with a short 
claw and terminal setae. It has piobabl} the same function (Putzfuss) 
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as the long cylindrical appendage of Cypridina , which arises in plaoe 
of the seventh pair of legs, almost on the back of this animal. 

The nervous system consists of a bilobed cerebral ganglion and 
a ventral chain with closely approximated pairs of ganglia, which 
may unite to form a single ganglionic mass. 

Sense organs.- In addition to the already mentioned olfactory hairs 
there is a median eye (Cypris, Cy there), composed of two (often 
separated) halves; or there are, in addition to a small unpaired eye, 
two larger compound and movable lateral eyes ( Cypridina ). In 
llalocypris and (\ ypridina there is a frontal appendage, which 
probably functions as a sense organ. 

Alimentary canal. — The month, which is frequently (Cyjtris) 
armed with toothed lateral bands, leads thiough a narrow oesophagus 
into a dilated crop-like portion of the alimentary canal. This is 
followed bv a bioad and long stomach, piovided with two long 

lal era] hepatic tubes, which 
project into the lamelhe of 
t lie shell. The anus opens at 
the base of the abdomen (tig. 
.’337). Of special glands a 
club-shaped, dilated glandular 
tube (poison -glands?) found 
in (\ y there must be mentioned, 
the duct of which opens to 
the exterior through a spinous 
appendage of the posterior 
antenme. 

A heart is present in Cy 
and llalocypris on the dorsal surface, where the shell is con- 
nected to the animal. The function of respiration is pei formed 
by the whole surface of the body, over wdiich an uninterrupted 
current of water is maintained by the swinging movements of 
the leaf -shaped setose branchial appendages. In many Cypridinidcr 
( Asterope ) there is a double row of branchial tubes on the back, 
near the List pair of appendages. 

Generative organs.— The sexes are always separate and are dis- 
tinguished by well marked differences in their entire structure. The 
males, in addition to the greater development of the organs of sense, 
possess apparatuses on different appendages —in Cypridina on the 
second antenna?, in Cypris on the maxilliped — for holding the 
females ; or a pair of legs may be completely modified for this pur- 


SM On 



Fig 337 — Alimentniy canal atid generatvvc 
oigonsol a female Cypn* (aftei W Zenker) 
Oe , oesophagus , P r, ciop , V, stomach , 2?, 
intestine, L, liver , Oi\ ovary , SM, adductor 
muscle, JR receptncnlum , Vu, vulva, P«, 
caudal toik 
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pose. In addition a large copulatory organ, which may be derived 
from a modified pair of appendages and often possesses a very compli- 
cated structure, is always present. The male genital organs consist 
on either side of several elongated or globular testes, of a vas deferens 
and the copulatory organ ; the presence in Cypris of a very peculiar 
paired mucous gland and the size and form of the spermatozoa seem to 
be worthy of notice (Zenker). The female of Cypris possesses two 
ovarian tubes which project into the reduplicature of the carapace, 
two receptacula seminis, and the same number of genital openings at 
the base of the abdomen. 

Development. — The greater number of Ostracoda lays eggs, which 
they either attach to water-plants (([ ypris ), or, as in C ypridina, 
carry al>out with them between the shell valves until the young are 
hatched. The free development of ( 1 ypris consists of a complicated 
metamorphosis. The larvae, when hat died, possess, like the Nauplius 
form, only three pairs of appendages, 
but are strongly compressed laterally, and 
are already enclosed in a thin bivalve 
shell (fig. 338). In the marine Ostracoda 
the development is simplified, so that the 
metamorphosis is entirely absent. 

The Ostracoda feed altogether on ani- 
mal matter, as it seems especially on the 
carcasses of different acpiatic annuals. 

Numerous fossil forms are known from 
almost all formations, but, unfortunately, 
only the remains of their shells are pre- 
served. 

(Ujprtdtna. With heai t and large movable paired eye. With deep exowa- 
tion in the edges of the shell for the passage of the antennse. The anterioi 
antennae are bent, furnished with strong seta), and have olfactory haiis at theii 
extremity. The posterior antenn® are biramous swimming feet. The biting 
part of the mandible is weak m entiicly aborted ; palp is five-jointed, pedifoim. 
and of considerable length. The seventh pair of appendages is represented by 
a cylindrical linged appendage (Pulzfuss). Cypndina medit errant a Costa. 
Aster ope ohlonga Gr.. Trieste. Ilalocyprh Dana. 

Cytliere O. Fr. Miill. Without heait. The anterior antennae are bent at 
their base and beset with short set®. The posterior antennae are strongly 
developed, with hooks on the terminal joint. Three pairs of legs, of which the 
last is the most strongly developed. The abdomen has only the caudal fork, of 
which the two branches are small and lobe-like. The testes and ovaries <lo not 
project between the lamella* of tin* carapace. The male genital apparatus lias 
no mucous gland. They are all marine animals. The females often carry the 



Fig. 338.— Very young: larva of 
Ci/pns Nauplius stage, with 
three pairs of appendages 
M , stomach ; D, intest mo ; 
SM, shell muscle ; A , A , first 
and second antenna ? ; MJf, 
mandible 
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eggs and embryos about between the valves of the shell. Cy there luten O. Fr. 
Muller, North Seas and Mediterranean. C. virid'ut O. Fr. MU1L, North Seas. 

('ypris 0. Fr. Mull. With median eye, but no heart. The shell valves are 
light but strong, the anterior antennae have usually seven joints and are beset 
with long setae. The antenna of the second pair is simple anti pediform, with 
usually six joints. There are two pairs of legs, of which the posterior smaller 
pair is bent upwards towards the dorsal surface . The caudal fork is very narrow 
and elongated, and is provided with hooked setae at the point. The testes and 
ovaries project between the lamelke of the shell. The male genital appa- 
ratus has a peculiar mucous gland. Most of them inhabit fresh water. 
Vyprh f HRca Str., C. puhera 0. Fr. Miill., C.fnxeata .Tur., and others. Xotodromus 
monaehux O. Fr. Miill. 


Order 3. — Copepoda. * 

E ntomostraca with elongated , usually well segmented body , without 
shell-forming reduplicatnre of the shin , with biramous sivimming feet ; 
the abdome'n is without appendages. 

The group of the Copepoda includes a number of very different 
forms. The non -parasitic member, s of the groups are distinguished 
by a constant number of segments and paired appendages. The 
numerous parasitic forms differ in various degrees from those which 
lead an independent life ; in extreme cases some of them are so 
modified, that without a knowledge of their development and the 
peculiarities of their structure, they would rather be taken for 
parasitic Worms than for Arthropods. The characteristic swimming 
feet are, however, usually retained, though often reduced in number, 
as rudimentary or modified appendages. When they are absent, the 
developmental history gives a certain indication of the Copepod 
nature. 

Appendages. — The head seems as a rule to fuse with the first 
tlioi'iicic segment ; and the cephalothoxux so formed bears two paix*s 
of antenna 1 , a pair of mandibles, the same number of maxilla 1 , and 
four maxillipeds, which last are only the external and internal branches 
of a single pair of appendages (fig. 341) ; and finally the first pair of 
swimming feet, which are not unfrequently modified in form. Then 
come four free thoi-acic segments, each with a pair of swimming feet, 
of which the last pair is frequently reduced and in the male may 
be modified to assist in copulation. Finally, the fifth pair of feet and 

* 0. Fr. MLiller, ‘‘ Entomostraca seu Insecta testacca. quae in aquis Daniae et 
Norvegiae repent, descripsit,” Lipsire, 1785. Jurine, %< Histoire des Monocles,” 
Geneve, 1820. W. Lilljeborg, ** Crustacea ex ordinibus tribus : Cladoccra, 
Ostracoda et Copepoda, in Scania occurrentibu%” Lund., 1858. C. Claus, ** Zur 
Morphologie der Copepoden,” Wdrzb. natunriss. Zeitsehr., 1860. C. Claus., 
** Lie freilebenden Copepoden,” Leipzig, 1863. 
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the corresponding thoracic segment may be entirely absent. The 
abdomen as well as the thorax consists of five segments, but is with- 
out appendages and ends in a caudal fork, the branches of which are 
furnished at their points with several long caudal setae (fig. 339). 
In the female, the two first abdominal segments usually unite to 
form a double genital segment, on which the genital openings are 
placed. The abdomen, especially in the parasitic forms, veiy fre- 
quently undergoes a considerable reduction. 



Fig 339 — Female of Cyclop » corona tun, seen Fig. 310. — An antennu of the male of 
from the dorHal surfuce. D, intent me , OvS, Cyclops #n rnlatus Sp, olfactory haira f 
cn ifencs , A', A antenna?. 3£, muscles. 

The anterior antenna*, which are usually many- jointed, bear olfac- 
tory hairs, but serve in the free-swimming forms for locomotion, and 
in the male as prehensile arms for catching and holding the female 
during copulation (fig. 340). The posterior antenme are always 
shorter, and not unfrequently bifurcated and adapted for clinging 
to surrounding objects. With regard to the oral appendages 
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(fig. 341), two toothed, usually palped mandibles are placed be- 
neath the upper lip. These function in the free-living Copepoda as 
masticatory organs, but in the parasitic forms are usually trans- 
formed into pointed styliform rods, which are used for piercing. 
In this case they are frequently placed in a suctorial tube formed by 
the junction of the upper and under lips. The two jaws which 
follow the mandibles are weaker biting plates, and in the parasitic 
Copepoda are reduced to small palp-like protuberances. The inaxil- 



lipeds, on the contrary, are much longer ; 
they are used to procure food and, especially 
in the parasitic forms, to attach the body. 
The thoracic swimming feet consist of a 
tw r o-jointed basal portion, and two three- 
jointed setigerous swimming rami, which 
are comparable to broad swimming plates. 
In the Argididw these rami are much 
elongated, and by their numerous joints 
approximate to the legs of the Cirripedia . 

Nervous System. — In all cases there is 
a brain giving off sensory nerves, and also 
a ventral cord, which either develops 
some ganglia in its course or is concen- 
trated to a common sulxesophageal gan- 



Fig. 341. — Mouth parts of 
Cyclop*, M, Mandibles ; Mx , 
maxilla; Kf\ internal; Kf\ 
external maxilliped. 


glionic mass. Of sense organs the median 
frontal eye, divided into three parts (Cy- 
clops eye), is pretty generally present. 
The tactile sense is specially localized in 
the seta* of the anterior antenna?, but is 
probably also present in many other parts 
of the body. Olfactory hairs are pre- 
sent as delicate appendages of the an- 
terior antenna, principally in the male 
sex. 

The alimentary canal is divided into 
a short narrow oesophagus, a wide sto- 


mach which often has two blind diverticula near its commence- 


ment, and a narrow rectum w T hich opens on the dorsal surface of the 
last abdominal segment. The surface of the intestine often seems 
to perform the function of a urinary organ. We find, however, 
at the same time a shell gland in the cephalo-thorax at the sides of 
the maxillipeds. In all cases the whole surface of the body performs 
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the respiratory function. Circulatory organs are either replaced 
by the regular oscillations of the intestinal canal ( Cyclops , Achtheres ), 
or there is present in the anterior part of the thorax above the intes- 
tine ( Calanidw ) a short saccular heart, which may even be continued 
into a cephalic artery ( Calanella ) (fig. 53). 

Generative organs. — The Copepoda are of separate sexes. Both 
kinds of genital organs lie in the cephalothorax and in the thoracic 
segments, and open right and left on the basal segment of the 
abdomen. Sexual differences in the form and stmcture of the 
different parts of the body are almost uniformly found. These lead 





Pig 312 —Metamorphosis of Cyclop* a, Nauphus larva of Ct/dop * nerruloth* after hatching. 
6, Older stage strongly magnified, c, Very young Cyclops form AD, antennal glands , 
Ol, upper lip , Iff , mandibular foot , MJ, mandible , Mx, maxilla, Mxf, maxilliped ; 
F'y F", first and second swimming feot , Hi , unnary concretions , /), intestine ; Ad, 
rectum ; A t anus ; Q, rudimentary genital organs. 

in certain parasitic Copepoda ( Chondracant/udcr , Lerna o pod idee) to 
an extremely striking dimorphism. The males are smaller and 
move with greater facility ; the anterior antenna* and the last pair 
of feet become accessory copulatory organs, the former serving to 
hold the female, the latter to affix the spermatophores. The sper- 
matophores are formed in the vas deferens by a mucous secretion 
which surrounds the seminal mass and hardens to a tough mem- 
brane. The females are larger than the males and often move 
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more clumsily ; they carry the eggs about with them in sacs, placed 
to the right and left on the abdomen. Many of them possess a 
cement gland at the end of the oviduct ; the secretion of this gland 
passes out with the eggs and gives rise to the stiff covering of the 
ovisacs. During copulation, which is only an external approximation 
of the two sexes, the male fastens one or more spermatophores on to 
the genital segment of the female, and, indeed, on to special openings 
through which the spermatozoa pass into the receptaciilum seminis, 

and fertilize the ova either within 
the body of the mother, or as they 
pass out into the developing ovisacs. 

Development takes place by means 
of a complicated metamorphosis, 
which, in many parasitic forms, is 
a retrograde one. The larva*, when 
hatched, have the Hauplius form, 
with an unpaired frontal e>e and 
three pairs of appendages. Hooked 
seta- on the second and third pairs 
of appendages serve to conduct the 
food into the mouth, which is 
covered by a large upper lip (fig. 
342, a). The posterior region of the 
body is destitute of appendages, 
and terminates with two seta* at the 
sides of the anus; it corresponds to 
the thorax and abdomen, which are 
as yet undifferentiated. 

The alterations undergone by the 
young larva* in the course of their 
further growth are connected with 
a number of successive moults, and 
consist principally in an elongation 
of the body and the appearance of 
fresh appendages. Even in the next larval stage (fig 342, b), 
a fourth pair of appendages, the future maxilla*, makes its ap- 
pearance behind the three original pairs, which develop into the 
antenna* and mandibles. In a later stage three fresh pairs of 

appendages are formed. Of these the first corresponds to the 

maxillipeds, while the two last pairs represent the first rudiments 
of the anterior swimming feet. In this stage ( Metanciupl ivs) (fig. 



Md 
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FiCr. 343 — Metamiupliua of Cyclojmne. 
O, eje, U, rudimentary genital 
oipans, SD, antennal ffland ; A\ A'\ 
antenna* , Mil, mandible , Alx, max- 
illa ; Mf, maxilliped 
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343), the larva still resembles a Nau pirns, and it is only after another 
moult that it is transformed into the first C ycfojas-like form. It 
then resembles the adult animal in the structure of the antennfe and 
mouth parts, although the number of the appendages and the body 
rings is smaller (fig. 342, c). The two last pairs of appendages already 
have the form of short biramous swimming feet, and the rudiments 
of the third and fouth pairs of swimming feet have made their 
appearance as projections beset with setae. The body consists in this 
stage of the oval cephalothorax ; the second, third and fourth thoracic 
segments ; and an elongated terminal portion, which gives rise to the 
last thoracic segment, and to all the abdominal segments by a pro- 
gressive segmentation, and already terminates in the caudal fork. 



Pkj. 344. -Actkirf* pf rcantm.—a, Nauplms form, b. Larva m the youngest Cyclops stage; 
•5 Zf, Kf ", inaxillipeda. c. Female seen from the ventral side. Ov, Ovanes ; 1 ZD y cement 
glands, d, The smaller male seen from the side ; Mxf^ Mxf'\ maxillipeds. 


Many forms of parasitic Copepoda, for example Lernnntliropns 
and Chondr acanthus, do not get beyond this stage of body segmenta- 
tion, and obtain neither the swimming feet of the third and fourth 
pairs, nor a fifth thoracic segment separate from the stump-like 
abdomen; others, for example Aclitheres , by the loss of the two anterior 
pairs of swimming feet, sink back to a still lower stage (fig. 344). 

*i All the non-parasitic and many of the parasitic Copepoda pass 
in the successive moults through a larger or smaller number of de- 
velopmental stages, in which the still undeveloped segments and 
appendages make their appearance, and the appendages already 

28 
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present undergo further segmentation. Many parasitic Copepoda , 
however, pass over the series of Nauplius forms, and the larva, as 
soon as hatched, undergoes a moult, and appears at once in the 
youngest Cyclops form, with antennse adapted tor adhering and 


mouth parts for piercing (fig. 344). 



c 

Pig 346- The two Hevunl animals of CJiondiu 
lanthus qibbotm* magnified about six diameters. 
a. Female seen from the feide , b, from the 
ventral surface uith adhering male, r, malo 
strongly magnified An , Anterior antenna* , 
An*', antenn.e tor attachment , JP, F", the 
two pans of feet, A , e>e, Od, egg-tubes, 

Oe, oesophagus , Z>, intestine , 3f, mouth 
parts , T, testis ; Vd, vas dofciens ; Sp, 
spermatophoie 

increase in size and modification of 
female with egg-tubes. 


From this stage they undergo 
a retrogressive metamorphosis, 
in which they become attached 
to a host, lose more or less com- 
pletely the segmentation of the 
body which grows irregular 
in shape, cast off their swim- 
ming feet, and even lose the 
eye, which was originally pre- 
sent ( Lemwopod a). T1 i e 

males, however, in such oases 
often remain small and 
dw T arfed, and adhere (fie- 
quently more than one) firmly 
to the body of the female in 
the region of the genital open- 
in# (iig. 345). 

In the Lermva (fig. 34 G) 
such pigmy males were foi a 
long time vainh sought for 
upon the very peculiarly 
shaped body of tin 1 large female 
(fig. 340, c, d) which carries 
egg tubes. At last it w^as 
discovered that the small 
c\ clops-like males (fig. 340, a ), 
lead an independent life, and 
swim about freely by means 
of their four pairs of swim- 
ming feet ; and that the fe- 
males (fig. 436, b ), in the 
copulatory stage resemble the 
males, and that it is only 
after copulation that they 
(the females) become parasitic 
and undergo the considerable 
form which chai acterises the 
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1. Sub-order: Eucopepoda. 

Copepoda with swimming feet, the rami of which are two or three 
jointed. They have biting or piercing and sucking mouth parts. 

1. Gnathostomata. For the most part non -parasitic; oral apparatus 
adapted for mastication ; fully segmented body. 


Fam. Cyclopidae. Mostly fresh- water animals, without a heart, ami with a 
simple eye. The second pair of antennae are foui -jointed and never biramous. 
The feet of the fifth pair are rudi- 


mentary in both sexes. The male 
employs the anterior antennae for 
prehension. Cyclops coronatus 
Cls., CuntluH'amptu s on not us Ids. , 
Ilarpacticus chcltfcr O. Fr. Miill. , 
North Sea. 

Fam. Calanidae. The anterior 
antennae are very long, only one 
of them is modified for prehension. 
The posterior antennae are bira- 
mous. Heart always present. The 
feet of the fifth pair are, in the 
male, modified to assist m copula- 
tion. Cttocliihtx xfpteu trionahs 
Goods., Dtaptomus castor Jur. 
Ire uams Patcr.sotui Tempi. 

Fam. N otodelphyidae. Structure 
of body like that of the (\ 'yclojndce . 
The posterior antennas modified 
for attachment. The t\\ o last tho- 
racic segments are fused in the 
female and form a biood cavity for 
the reception of the eggs. They 
live in the branchial cavity of As- 
cidians. Xotodctyhys ay tits Thor. 

2. Parasita* (Siphonosto- 
mata). Mouth parts, adapted 
for piercing and bucking, 
usually with incomplete seg- 
mentation of the body and 
reduced abdomen. 

The posterior antennae and 
maxillipeds end with hooks 
for attachment. Some of 



Fict — Lemma branchial! * a, Male (about 

2 to 3 mm long). Oc, Eye, O, brain, T t 
toatis , AT, stomach , F to F iV , the four pairs 
of hm miming feet ; Sp, spermatophore sac. b. 
Female (5 to 6 mm. long at the time of 
copulation) A\ A’\ the two pairs of an- 
tenna? , 1), intestine ; Jt, proboscis ; Mxf, 
maxilhped c, Female of Lemma hranchuiU* 
after copulation undergoing metamQrphosis ; 
d, the Fame with egg sacs, natural size. 


* Besides Steenstrup and Liitken l.c. compare A.v. Nordmami. *‘ Mikro- 
graphische Beitriige zur Naturgeschichte der wirbellosen Thiere,” Berlin, 1832. 
H. Burmeister, “ Beschreibung einiger neuen und wenig bekaimten Sclimarot- 
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them still swim freely, but most of them live on the gills, in the 
pharynx, and on the outer skin of fishes. Some live within the 
tissues of their host ( Penella ), and nourish themselves on the blood 
and juices of the latter. 

Fam. Coryceeid®. Anterior antennae short, few jointed, and similar in both 
sexes. The posterior antennae unbranehcd, with clasping hooks, usually differ- 
ent according to the sex. Mouth parts often arranged for piercing. Median 
eye and lateral eyes often present. They live partly as temporary parasites. 
Cort/rteux elongatux Cls., Sapj)1urina fulgenx Thomps. 

Fam. Chondracanthide. Body elongated, often without distinct segmenta- 
tion, and furnished with pointed outgrowths. Abdomen stump-like. The two 
anterior pair of swimming feet are represented by bifid lobes, the others are 
wanting. There is no suctorial proboscis, the mandibles are sickle-shaped, The 
pear-shaped males are small and dwarfed, and attached, often in pairs, to the 
body of the female. Chond vacant hitx (jibboxux Kr. (on Lophius). Ch. cor nut ux 
O. Ft. Mull., on fiat fish {Pleuroneetidee') (tig. 845). 

Fam. Caligid®. Body fiat, with shield-like cephalothorar , and very large 
genital segment which in the female is especially swollen. Abdomen, on 
the contrary, is small and more or less reduced. There is a suctorial tube and 
styliform mandibles. Four paired biramous swimming feet enable the animal 
to swim rapidly. They live on the gills and the skin of marine fish, and the 
females have long string-like egg tubes. Cahgm rapax Edw., Cecropx Latredlil 
Leach. 

Fam. Lemeeid®. The body of the female vermiform or rod-shaped ; unseg- 
mented, with outgrowths and processes on the head. Mouth parts piercing 
with suctorial tube. There are four pairs of small swimming feet. The females 
become attached to fishes, in which the anterior part of their body is buried. 
Lenueoeera etfprlnaeea L., Penella xagitta L., LertWH bra neh tali x L. 
(fig. 346). 

Fam. Lernseopodidse. Body separated into head and thorax, abdomen 
rudimentary. Mouth parts piercing with suctorial tube. The external maxilli- 
peds attain a considerable size, and in the female unite at their points so as to 
form a single organ of attachment, by means of which the animal adheres 
permanently. Swimming feet completely absent. The males, which are more 
or less dwarfed, have large free clasping feet, and are, like the females, without 
swimming feet. Aehtherex per ear am Nordm. (fig. 344). Anclwrella uneinata 
O. Fr. Mull, (on species of Gadux). 

2. Sub-order: Branchiura.* 

Carp-lice. With large compound eyes, and long protrusible spine 
in front of the suctorial tube of the mouth ; with four pairs of elon- 
gated biramous swimming feet. 

zerkrebse,” Xova acta Ac. Ctex. Leap., lorn XVII., 1835. C. Claus, “ Ueber den 
Bau und die Entwickelung von Aclitheres percarum,” Zeitxehr ftir tvisx. Zool ., 
1861. C. Claus, “ Beobachtungen fiber Lernaeocera, etc., Marburg, 1868. 

* Jurine, “ Memoire sur l’Argule foliac£,” Anna! ex dn Museum dhixt. 
uat.j Tom. VII., 1806. Fr. Leydig, *• Ueber Argulus foiiaceus,” Zeitxehr fun* rvixs. 
Zoohy Tom II., 1850. E. Comalia, “ Sopra una nuova specie di crostacei sifonos- 
tomi,” Milano, 1860. (5. Claus, “ Ueber die Entwickelung, Organization und 

eystematische Stellung der Arguliden,” Zeitxehr furwixs. Zool ., Tom XXV., 1876. 
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The Branchinra are often placed near the Caligidct, but they 
differ from them and from the true Copepoda in several essential par- 
ticulars. In the general body form they certainly resemble the 
Caligidtv except in the abdomen, which is split into two plates 
(caudal fins). Their internal structure, however, and the structure 
of the appendages distinguish them from the above-mentioned 
parasitic Crmtacea. A large suctorial tube projects above the mouth, 
and in it are concealed finely serrated mandibles and styliform 
maxilla*. A little above this proboscis there is inserted a long 
cylindrical tube, which terminates in a retractile styliform spine, and 
contains the ducts of a 
pair of glandular tubes 
said to be poison glands. 

Powerful organs of attach- 
ment are placed on each 
side of and beneath the 
mouth ; they consist of 
two parts — (1) of an an- 
terior pair of appendages & 
which correspond to the 
anterior maxillipeds and 
are in Argulus modified Sf 
into large sucking discs, the 
hook-bearing terminal por- 
tion being reduced ; and (2) 
of a posterior pair, which 
corresponds to the second 

pair of maxillipeds, and is ' ^ W 111 

provided with numerous 
spines on its broad basal 

portion, a tactile protube- Fl ': f 347 '“ T ™ uf? m “’ e of 

1 7 r Anterior antennae ; Sg, sucker (anterior maxilli- 

rance and two curved termi- pert); -Sy". maxilliped, Sf, swimming feet, 

nal claws at its extremity. * ro8trum : *• spine ; D ’ intebtine ; r ’ teRte8 - 
Next to these come the four paired swimming feet of the thoracic re- 
gion, which, with the exception of the last, are, as a rule, covered by the 
sides of the cephalo-thoracic shield. Each of these consists of a large 
many-jointed basal portion, and two much narrower rami, which are 
beset with long swimming seta? and in their form and setigerous 
investment are not unlike the biramous appendages of the Cirripedia, 
being like them derived from the Copepod-like feet of the larva 
(fig. 347). 
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The internal organization recalls that of the Phyllopoda . The 
nervous system is distinguished by the great size of the cerebral 
ganglion, and by the ventral chain composed of six closely approxi- 
mated ganglia. In addition to two large compound lateral eyes, 
there is present an unpaired tri-lobed median eye. The alimentary 
canal consists of a short arched ascending oesophagus, a wide stomach 
with two lateral ramified appendages, and a rectum which runs 
directly backwards and opens to the exterior in the median indenta- 
tion of the caudal fin above the two plates, which correspond to the 
caudal fork. There are two lateral slit-like apertures in the heart, 
and a long aorta. The entire surface of the cephalothorax functions 
as a respiratory organ. There seems, however, always to be a 
specially strong current of blood in the caudal fin, so that this part 
of the body may be regarded as a sort of gill. 

Reproduction. — The small, more agile male possesses peculiar copu- 
latory appendages on the posterior swimming feet. The females do 
not carry their eggs about in sacs in the typical Copepod manner, 
but fasten them to surrounding objects. The vitelline membrane of 
the deposited eggs acquires a vesicular consistence. The young are 
hatched as lar\a», and undergo a metamorphosis. 

Fam. Argulidae. Carp-lice. Aryulux O. Fr. Mull. The anterior pair of 
maxillipeds modified into large suckers. There is a styliform spine apparatus. 
A.foliaceiix L. (Bern do ponsons, Bnldner) parasitic on Carps and Sticklebacks. 
A. coreg ont Thor., A ytgantc ux Luc., Gyropelt /.s Ilell. The maxillipeds end in a 
claw ; styliform spine absent, G. Kolhiri I fell, parasitic on the branchiae of 
Ilydrocyov , Brazil . G. Dor ad ix Coin. 

Order 4. — Cirripedia.* 

Fixed , mid for the most part hermaphrodite (Crustacea with indis- 
tinctly segmented body enclosed by a reduplication of the skin , and a 
calcareous valued shell. As a rule , there are six pairs of biramous 
thoracic appendages. 

On account of the resemblance of their shell to that of the mussels, 
the (Vtrripedia were held to be Molluscs until Thompson and 
Burmeister, by the discovery of their larva 1 , satisfactorily proved that 
they belong to the Entomostraca . They are enclosed in a mussel - 

* Compare S. V. Thompson, Zoological researches,” Tom. I., 1829.* H. 
Burmeister, “ Beitrage zur Naturgescliiclite tier Ranker fiissler.” 1832. Ch. 
Darwin, ** A monograph of the Sub-Class Cirripedia,” 2 vol., London, 1851-1854. 
A Krohn, ‘ Beobachturgeu liber die Entwicheluiig der Cirripedien,” ArcJuv 
fur Natnrycxch 1860. C. Claus, “Die Cypris-ahnliche Larve der Cirripedien, 
etc,’* Marburg, 1869. R. Kossmann, “ Suctoria und Lepadina,” Wurzburg, 
1873. 
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like .shell composed of several (4, 5 or more) pieces. These pieces, 
which originate by the deposition of calcareous matter in the chi- 
tinous covering of a large reduplicature of the skin (mantle), are 
distinguished as scuta, terga , and carina . The animal is invariably 
fixed by the anterior end of the head, which in the Lepadhlcv (fig. 
348, a) may be drawn out into a long stalk piojecting freely from 
the shell. In the Balanidce , which are without the stalk (fig. 348, 6), 
the body is surrounded by an external calcareous tube, usually com- 
posed of six pieces; the aperture of the tube is closed by a sort of 
operculum formed of calcareous plates lying inside (fig. 348, h ). In 


amt 



Hi. 34s Lepa* after lemovallof the right shell A , Anterioi anteirn^ atthe end of the 
stalk, ( , carina , Tc, terrain, Sr, scutum, Mk, oiftl cone , b, caudal folk, V, cirr 
poms, M, muscle b, Balanu* tmtmnuhi'lnu, (aftei ('h Darwin), one-halt ol the shell has 
been lemovcil, Tu, Section of the outer shdl , Oc, ovary, Od, oviduct, Oc, opening o 
oviduct , Ad, adductor muscle , S<, scutum , 2V, tergum , A , anterior antenna 


both cases the attachment is effected principally by the hardening of 
the secretion of the so-called cement gland, which opens on the 
penultimate joint of the small and delicate anterior antenna? ; this 
joint being dilated to form a sort of sucker. I he body, which is 
surrounded by the mantle and its shell-plates, lies with its hinder 
region stretched upwards so that the appendages, which are used to 
cause currents in the water, may be protruded from the slit-like 
space left on the ventral side between the paired scuta and terga. 

Appendages and external features. — A head with antennae and 
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jaws can be distinguished from the region of the body (thorax) bearing 
the biramous appendages, but there is no distinct boundary between 
these two regions. The anus is situated at the extremity of the 
small stump-like abdomen, which succeeds the thorax and is often 
only indicated by two caudal appendages. Posterior antennae are in- 
variably absent, while the anterior pah- persists, even in the adult, as 
small organs of attachment. The oral apparatus is situated on a 
ventral prominence of the cephalic region, and consists of an upper 
lip with palps, tw T o mandibles and four maxillae, of which the two 
last unite to form a sort of under lip. On the thoi-ax there are 

usually six pairs of many-jointed 

f biramous appendages, the elongated 

cirriform rami of which are richly 
beset with hairs and setae and 
serve to set up currents in the 
watei in which the particles of food 
are hi ought to the animal. The 
stump-shaped abdomen bears an 
c elongated cirrus, which is bent to- 
wards tlie ventral surface between 
the thoracic appendages, and con- 
'd stitutes the male eopulatory organ. 
There are numerous and very pecu- 
liar variations in the shape of the 
whole body. Not only may the de- 
position of calcareous matter in the 
mantle be wanting, and the bira- 
mous thoracic appendages be reduced 
^ in number or even absent, but the 

, r mouth parts and the appendages 

Fig. 349 — The organization of L<pa*, x rr n 

after removal of the integument. may also be lost (. Peltogcistridcb ), 

6tf, Cwnent gland and duct, L, an( j the body may be reduced to 

liver ; T, testis , 7 rf, vas deferens , Ov , J 

ovary, od , oviduct, cf t thoracic the form of an unsegniented tube, 

» P1 ,end a *es. Otke, letters as m or lobed (lihC . 

fig. 348 7 

Nervous system and sense 
organs. — The Oirripedia possess a paired cerebral ganglion and a 
ventral chain of ganglia, of which there are usually five pairs, but 
which are sometimes fused to a common ganglion mass ( Balanida ? ). 
There is a double eye, which, although rudimentary, corresponds 
to the unpaired Nauplius eye. 

An alimentary canal is absent only in the Rhiaocephaln . In the 
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Lepadidce and the Balanidce , the alimentary canal constats of a 
narrow (esophagus, a saccular dilated stomach provided with several 
csecal (hepatic) diverticula, an elongated chyle-forming intestine, and 
a short rectum, which is only sometimes clearly marked off from the 
intestine (fig. 349). The Rhizocephala (fig. 354, a), which are with- 
out an alimentary canal, possess root -like processes of the paren- 
chyma, which ramify in the viscera, especially the liver of Decapods, 
and absorb from them endosmotioally the nutritive juices (as in 
Anelasma ). 

Special glandular organs, the so-called cement glands (peculiar to the 
Cirripedin), open on the sucker of the persistent (anterior) antennae ; 
the animal is fixed by their secretion, and the Rhizocephala alone 
seem to be en- 
tirely without 
them. 

A heart and 
vascular sys- 
tem seem to 
be wanting in 
all cases. The 
tubes which are 
present on seve- 
ral thoracic ap- 
pendages o f 
many Lepadidce 
are regarded as 
branchiae, as 
are also two 
plicated lamel- 
la? on the inte- 
rior of the 
mantle of the Balanidce. 

Generative organs. — The Cirripedia are, with a few exceptions, 
hermaphrodite. The testes are branched glandular tubes, and lie 
at the sides of the alimentary canal (fig. 349, T). The vasa deferentia 
which dilate into vesicula? seminales reach to the base of the cirri- 
form penis, in which they unite to form a common ductus ejacula- 
torius opening at the point of the penis (Yd). The ovaries in the 
Balanidce lie in the basal part of the body cavity (fig. 348, Ov) ; in 
the Lepadidce (fig. 349) they are moved into the prolongation of the 
head, which is known as the stalk. The oviducts, according to 





Fit. 350 — Alcxppt lam pax (after Ch Darwm ) a, Male, ver\ strongly 
magnified , A , antenna , T, testis , T *, seminal vesicle , D, redu- 
phcature ot the skm , 0, eye , P, perns b, Longitudinal section 
through female, P, mnxilliped, Cf, the tlnee pairs of legs; 0v> 
ovary 
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Fig 361 —a Tenter Nauplius larva. A, anus 01, pioboscis with 
mouth, H, fiontal boms, JD, intestine, 4 , A , 1st and 2nd 
antenna*, W/, mandibulai toot (third pan of appendages) 
b t Metanauplius lima ot JBalanu * befoie the moult Beneath 
the akin aie the mdiments of the lateral ej es (O) and all the 
appendage* F' to F" of the Cypus stage , Ff, frontal filament , 
0 , unpaired eye, Dr, gland cells ot the anterior horns, A', 
the antenna? ^ ith suctorial disc , Mx rudiment ot maxilla. 


Krohn, open on a 
prominence on the 
basal joint of the 
anterior pair of 
thoracic appen- 
dages. The eggs 
accumulate in the 
cavity between the 
mantle and the 
body in large 
thin -walled flat- 
tened sacs, which, 
in the Lepadulce, 
aie attached to a 
fold of the mantle 
and are packed to- 
gethei on the doi - 
sal sui face of the 
animal. 

In spite of the 
liei maphi oditism, 
theie aie, accoid- 
ing to Dai win, m 
ceitam geneia 
(Ibla, Scalpelhim ) 
veiy simply oiga- 
nised dwaifed 
males ot peculiar 
foim, the so-called 
com pic mental 
males , which are 
attached like para- 
sites to the body 
of the hermaphi o- 
dite. There are 
also dioecious Cir- 
ripedes with a 
stiongly marked 
dimorphism of the 
sexes. This is the 
case with /Scalpel- 
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lum ornatum and Ibla Cumingii ; also with the remarkable genera 
Cryptophialus and Alcippe (tig. 350). The males of these forms are 
not only small and dwarfed, but also, according to Darwin, have 
neither mouth, digestive canal, nor thoracic appendages. As a rule, 
two or sometimes more attach themselves to the body of the female. 

Development. — The eggs, while still within the brood-poucli, 
undergo an irregular segmentation. The clear cells arrange them- 
selves around the food >olk in the form of a blastoderm, the ventral 
side of which soon becomes considerably thickened in consequence of 
the appearance of the mesodernnc layer. The larva* leave the egg 
as Nauplii (tig. 351, a, />), of oval or 
pear-shaped form, with unpaired 
liontal e_y e, lateral frontal horns, 
and three pairs of appendages, of 
which the anterior is simple, the 
two next biramous and closely beset 
with swimming seta\ 

After seveial moults, the laiva, 
which lias grown to a censideiable 
size, enters on a new stage of de- 
velopment, the so-called CSpris stage 
(pupa) (tig. 352). The redupliea- 
ture of the skin has the form of a 
bivalve mussel-like shell, tliiough 
the gaping ventral edges of which 
the appendages can be piotruded. 

While the form of the shell recalls 
that of the Ostracoda , the structure 
of the body, so far as the segmenta- 
tion and form of the appendages are 
concerned, approximates to that of 
the ( f opepoda . The anterior ap- 

pendage of the Nauplius laiva has 
given rise to a four- jointed antenna, 
the penultimate joint of which 
has become large and disc-shaped and contains the opening of the 
cement gland, while the terminal joint bears in addition to tactile 
seta? one or two delicate lancet-shaped olfactory hairs. The frontal 
horns are transformed into tw r o conical prominences near the an- 
terior margin. Of the tw’O pairs of biramous appendages, those 
which correspond to the second pair of antennae are cast off, while 



Pit, 35J — Median section through a 
pupaot Ltpat A Attaching antenna , 
(\ taiin.i, 2( f ttrgum, S<, scutum 
Oo, ovaiy, <7, cerebral ganglion, 
Qg, ganglionn chain , V, alimentan 
tana], Cil, cement gland, Mk, oial 
cone , Ab, abdomen , i\ rudiment of 
the penis , M , muacle 
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the posterior pair becomes the rudiment of the anterior jaws 
(mandibles) of the oral cone, which is still closed and on which the 
first rudiments of the maxillae and under lip are already visible. 
The oral cone is followed by the thoracic region with six pairs of 
biramous Copepod-like swimming feet, and a minute three-jointed 
abdomen, which terminates in two caudal appendages and caudal setae. 
The pupa has a large pair of compound eyes at the sides of the un- 
paired eye-spot, and swims about by means of its swimming feet. It 
appears not to take in food. The material necessary for its further 
changes is stored up principally in the cephalic and dorsal regions in 
the form of a largely-developed fat body. 

After swimming about for a longer or 
shorter time, the pupa fixes itself by 
the suctorial disc of its bent antennae 
to some foreign body. The parts of the 
adult Cirripede are now visible beneath 
the skin, and the cement gland begins to 
secrete a cement, which hardens and so 
brings about the permanent attachment 
of the young animal. In the Lepadidae 
the region of the head above and be- 
tween the antenna 1 grows so much that 
it projects from the pupal integument, 
beneath which the calcareous pieces of 
the shell of the Cirripede can be seen, 
and after the moulting of the chitinous 
skin of the pupa constitutes the fleshy 
peduncle by which the animal is attached, 
and into which the rudiments of the ova- 
ries project (fig. 353). The paired eyes of 
the free-swimming Cypris larva disappear, 
while the unpaired pigment spot remains. 

The mouth parts become fully differen- 
tiated, and the biramous swimming feet become short, inany-jointed 
cirri form appendages. 

The Cirripedia are marine animals. They attach themselves to 
various foreign objects. They are found fixed, usually in groups, to 
logs of wood, rocks, mussel shells, Crustacea, the skin of whales, etc. 
Some, as Litholrya , Alcippe , and the C ryptopial idee, are able to bore 
into Lammellibranch shells and Corals, while the Rhizocephala are 
parasitic on Crustacea . In the Rhizocephala the body is saccular. 



Fi(i. 3o3. — Young Lepa* after 
disappearance of the two horny 
valves of the shell and the 
straightening of the antorior 
part of the head (stalk), which 
in the pupa Btage is bent. 
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and the animal loses all its appendages and its alimentary canal, and 
extracts the juices of its host ( Decapoda ) by means of root -like 
processes (fig. 354). 

1. Pedunculata. There is a peduncle and six pairs of biramous 
feet ; the mantle has usually carina, scuta, and terga. 

Fam. Lepadid®. Peduncle well mavked, and not provided with calcareous 
plates. There is a membranous mantle, which, as a rule, is provided with five 
shell plates, of which the scuta and terga lie behind one another (fig. 348, a), 
Lcpax L. {Anatifa Brug.), L. faxcirulavix Ellis. ( vitrut Lam.) Found from the 
Northern Seas to the South Sea. L. anatifera L., cosmopolitan. Conchodcrma 



Fig. 354.- a, Saceulma purpurea (aftor Fr. Muller). Or, Aperture of the mantle sne; IV, 
root-like processes , K, genital aperture, b, Nauplius larva of Saceulina . A', A ", Mdf, 
appendages, c. Pupa of Lerna>odi#cu8 pa reel! ana? (after Fr. Muller). F, The six pairs of 
legs , Ah, abdomen ; A!, attaching antenna 1 ; O, eye. 

Olf. ( Of ion. , ("hu nts Leach.), C. cirgata Spengh, frequently attached to ships. 
C. aurita L., Anclaxma Darwin. The stalk is provided with root-like processes, 
which grow into the skin of Sqtialifhc, A. xqnahcola Lov6n. 

Fam. Pollicipedid®. Peduncle not sharply distinct, scaly or hairy. The 
shell plates very strong, numerous. The scuta and terga lie close to one 
another. There are sometimes complemental males. Polliripcx cornucopia 
Leach., Ocean and Mediterranean. Scalpcllum ml gave Leach., North Sea and 
Mediterranean. Sc, ornatum Gray, South Africa. Ibla qua dri calc is Cuv., 
South Australia. J. Cuming ii Darw., Philippines. 



446 


CBUSTACJSA. 


2. Operculata. The peduncle is absent or rudimentary. The 
body is surrounded by an external ring of plates at the extremity of 
which the scuta and terga form an operculum, which is usually freely 
movable and provided with depressor muscles (fig. 348, b). 

Fam. Balanidae. Scuta and terga freely movable and articulating with one 
another. The gills are formed each of a fold. Balanus tintinnabuluin L. 
Widely distributed and found in a fossil form. B. improctxux Darw. Found in 
brackish water. 

Fam. Coronulidse. Scuta and terga freely movable, but not articulating 
with one another. The two gills formed each of two folds. Tubicinclla 
trachcalix Shaw., South Sea. ('orontda balcenartx L.,' Antarctic Ocean. C. 
dtadnna L., Arctic Occam 

3. Abdominalia. The irregularly segmented body is enclosed in 
a flask-shaped mantle, and bears on its terminal portion three pairs 
of eirrifonn feet. Month parts and alimentary canal completely 
developed. The sexes are separate. They live as parasites buried 
in the calcareous shell of C irripedia and Mollusca. 

Fam. Alcippidee With four pairs of feet, of which tlic first pair is palpiform, 
and the two last are uuirnmous and composed of few elongated joints. The 
sexes are sepai ate. The female bores into Mollusc shells. The male is dwarfed, 
and is without mouth, stomach, or feet. Alctppe lamp aft Hanc., bores into 
tlic columella of the shells of Ftututt and Buccinum. Found on the coast of 
England. 

Fam. Cryptophialidae. They have three pans of feet at the posterior end of 
the body. ( 'njptopluahut Darw,, sexes separate. fV. minutuft Darw., in the 
shell of Con choir pax Perttriana , found on the west coast of South America. 
Kochlonne hamatu Noll, lives in excavations in the shell of IJaltotm. 

4. Apoda. The body is segmented, and is composed of eleven 
rings. There is no special reduplicature of the mantle. The shape 
resembles that of a maggot. The attaching antenna* are elongated 
to the form of a band. The mouth is adapted for sucking, and has 
mandibles and maxillse. Feet absent. The digestive canal is rudi- 
mentary. They live parasitically in the mantle of other Cirripedia. 
They are hermaphrodite. 

Fam. Proteolepadidae with the single genus P cot cole pax Darw., Pr. biviucta 
Darw., West Indies. 

5. Rhizocephala* (Suctoria). Body tubular or saccular, without 
segmentation or appendages ; with narrow, short peduncle for 
attachment, from winch branched, root-like filaments arise. The 

* W. Lilljeborg, “Les genres Liriope et Pcltogaster, ” A’ oca acta reg. xoc . 
scirn. T'pxaL, Her. 3, vol. iii. , 1800. Fr. Muller, k< Die Rliizocephalen,” Archie 
fur Xaturgexcli ., 1862 and 1863. R. Kossmann, “ Reitrage zur Anatomie der 
schmarotzenden Rankenf ussier,” Vcrh. dcr med.-pligx. (rctfellxch, Wurzburg, 
Neue Folge, Toni. 1Y. 
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latter pierce the body of the host, and carry nourishment to the 
parasite. Mantle saccular, and without calcareous plates, with 
narrow aperture which can be closed. Mouth and alimentary canal 
absent. The testes are usually paired, lie between the ovaries, and 
open into the brood-poucli. The lihizoceph ala live principally as 
parasites on the abdomen of the Decapoda , and wind their root-like 
filaments around the viscera of the latter. 

Fam. Peltogastridse. Peltogaxter. paquri Rathke. Nacenlina cavcim Thorny., 
L< ritfPodisni* porrelhnw Fi. Mull., Biazil. 


II. — MALAOOSTItAOA. 

The Malacostraca differ from the K atomostraca in possessing a 
constant number of segments and paired appendages. The boundary 
between the head and thorax cannot be absolutely fixed on account 
of the varying number of anterior pairs of legs which are modified 
to form jaws. These regions are composed of thirteen segments 
altogether, and bear the same number of pairs of appendages, while 
the abdomen, which is always distinct, includes six segments and the 
same number of paired limbs and terminates with an anal plate 
( tehon ) derived from the terminal portion of the body. 

Amongst the living Malacostraca there i>, however, a single group 
of forms (Nebalia) (fig. 355, a, />), which differ in ha\ing a larger 
number of abdominal segments. They have, in addition to the six 
abdominal segments with appendages, two segments without appen- 
dages, and an elongated Ph\llopod-like caudal fork. This remarkable 
form w r as for a longtime regarded as a Phyllopod, and in many of its 
characters represents a connecting link between the Pit t/llopoda and 
the Malacostraca . The structure and segmentation of the head and 
thorax resembles that of the Malacostraca , but the terminal region of 
the abdomen does not present the special form of a caudal plate or 
tel son. In Nebalia we probably have to do with an offshoot of the 
Phyllopod- like ancestors of the Malacostraca, which has persisted to 
the present time. 

The head includes in all cases, behind the mandibular segment 
on which two paragnathi form a kind of underlip, the segments of 
tw'o pairs of maxilla?. The latter preserve more or less the characters 
of Phyllopod feet. The head, therefore, consists of five segments, each 
wfith its pair of appendages, viz., two pairs of antenna?, one pair of 
mandibles, and two pairs of maxilla?. It is followed by the thorax, 



448 


CRUSTACEA. 


which is composed of eight segments. The eight pairs of thoracic 
appendages may have an exactly similar shape, and possess two 
separate and many-jointed rami. This form of thoracic appendage 
is characteristic of the*Schizopoda ; in Nebalia* the thoracic appen- 



Fio. 366. — Nebaha Geojfroyt, strongly magnified a. Female ; 6, fmale , H, rostrum ; O , 
stalked eye j M, crop , D t mtostme ; S, shell G, yas deferens. 


* Nebaha is best placed m a special group, Leptoxtraea, between the Entomos- 
traca and Malacostraca. The palaeozoic fossil geneia lit/ me nocar ttt, Peltocans , 
etc., would have to be placed in such a group. 
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dages closely resemble the typical Phyllopod limb. As a rule, how- 
ever, some of the anterior thoracic legs take part in preparing the 
food and have a form intermediate between maxillae and thoracic 
legs. Such are called foot-jaws or maxillipeds. In the Arthrostraca 
the anterior pair of thoracic appendages only are so modified, and the 
segment bearing them joins the head ; the thorax is, therefore, in 
this group composed of seven segments, each with its pair of appen- 
dages. In other groups of Malacostraca the next or two next pairs 
of thoracic legs have the form of maxillipeds, so that there is no 
sharp division between the head and thorax. The latter is, at least 
partially, covered by a shield-like reduplieature of the skin, which 
morphologically corresponds to the Phyllopod shell and forms a 
more or less extensive carapace, which fuses with the back of the 
thorax, and under which the posterior, rarely all the thoracic seg- 
ments may remain separate as free rings. 

Order 1. — Artiirostkaca.* 

Malacostraca with lateral sessile eyes, usually with seven , more rarely 
with six or fewer separate thoracic seyments , and the same number of 
pairs of leys. Without a reduplieature of the skin. 

The head bears four antenna*, the two mandibles, four maxilla?, 
and a pair of maxillipeds ; in all six pairs of appendages. A small 
bilobed plate, distinguished as the under-lip, behind the pair of 
mandibles, marks the boundary of the primary region of the head. 
The two pairs of maxilla? as well as the maxillipeds are secondary 
cephalic appendages derived from the thoracic region of the body. 

Behind the head there are usually seven free thoracic rings with 
the same number of pairs of appendages, which are adapted for 
creeping or swimming. The number of distinct thoracic segments is 
in rare cases reduced to six ( Tanais ) or five ( Ancetis ), the anterior or 
the two anterior segments of the thorax becoming intimately con- 
nected with the head. In the latter case a more or less extensive 
cephalothoracic -carapace is formed. The abdomen which follows the 
thorax includes, as a rule, six segments bearing limbs, and a simple 
or split plate without appendages and representing the terminal 
segment. The number of the abdominal segments and appendages 
may, however, be reduced (Isoywda), and the entire abdomen may 

* Besides the works of Latreillc, M. Edwards, Dana, and others, compare 
Spence Bate and J. 0. Westwood. “ A History of the British sessile-eyed 
Crustacea,” Tom. I. and II., London, 1863-1868. 0. O. Sars, u Histoire 

naturelle des Orustaces d’eau douce de Norvt*«e," Christiania, 1867. 


29 
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even be reduced to an unsegmented stump-shaped appendage 
(Liemodipoda). 

The nervous system consists of a cerebral ganglion and a ventral gan- 
glionic chain, which is most distinctly composed of two lateral halves. 
In the Isopoda there is also an unpaired visceral nerve. The two eyes 
are always sessile, compound eyes, with smooth or facetted cornea; 
they are never stalked. Delicate olfactory fibres arc often present 
on the anterior antenna', and are especially numerous in the male 
sex. 

The alimentary canal begins with a short oesophagus, which passes 
upwards to open into a wide crop, supported by firm horny bands 
and often armed with strong cliitinous plates. The crop leads into a 
long intestine provided with two or three pairs of tubular hepatic 
glands. The rectum, which may possess one or two tubular appen- 
dages (probably urinary), opens at the posterior end of the bod} . 

The antennal gland opens on the basal segment of the posterior 
antenna, often upon a conical protuberance. 

Vascular system. — A heart is always present as the ceutral organ 
of the circulation. It may either have the form of a tube extending 
along the whole length of the thorax (Amphijwda) ; or it may be 
saccular and placed in the abdomen ( Tsojfoda ). In the first case the 
gills are placed on the thoracic feet as tubular appendages : in the 
latter, on the other hand, they are placed on the abdomen. From the 
heart the blood passes through an anterior and posterior aorta, and 
usually through lateral arteries. The vessels conduct the blood into 
the body cavity, whence it returns in regular streams to the lateral 
paired slits of the heart. 

Generative organs. — The Arthrostraca are of separate sexes. The 
males are frequently distinguished from the females by the modifica- 
tion of certain parts of the appendages to form prehensile organs, by 
a greater development of olfactory hairs on the anterior antenna 1 , and 
by the position of the sexual and copulatory organs. It is rare to 
find a strongly marked dimorphism of the sexes ( Bopyrus , Praniza). 
The generative organs open either at the posterior part of the thorax 
.or at the base of the abdomen ; the female always on the ante- 
penultimate pair, the male on the hist pair of the thoracic appen- 
dages or between the first of the abdomen ( Isopoda ). The ovaries 
are two simple or branched tubes with the sir me number of oviducts. 
The testes similarly seem to be composed of one {A inph^oda) or 
more (3) pairs of tubes ( Isopoda ), the efferent ducts of which (vasa 
deferentia) either remain separate or unite to form a copulatory 



AMPHIPODA. 


451 


organ. Appendages of the legs may also he present as additional 
aids to copulation. The mature ova are, as a rule, carried about by 
the female in brood pouches formed by the lamellar appendages of 
the thoracic feet ( oostegites ). Development as a rule takes place 
without metamorphosis, but the form and appendages of the young 
animal not unfrequently differ from those of the adult animal 
(Phronima). The segments and the appendages may even be incom- 
plete in number after birth ( Isopoda ). 

Fossil Arthrostraca are found in the Oolite (Archceoniscm). Pro- 
soponiscvs occurs in the Permian, A mphipeltis in the Devonian. 

1. Sub-order. — Amphipoda.* 

Arthrostraca with laterally compressed bocly 9 with gills on the 
thoracic feet and an elongated abdomen , of ivhich the three anterior 
segments bear the 
swimming feet , while 
the three posterior 
bear posteriorly di- 
rected feet adapted for 
springing (tig. 35 G). 

The A mphipoda 
are small animals, 
being only in rare 
cases several inches 
long (L ysianassa 

_ .* . Fig 350 — Gainmarvn neqlectu* (after G O. Warn), with egg* 

niagellanicap Ihey between the brood lamella? (oostegites) on the thorax, 
move in the water A', A » tho t "° antenna?; Sf 9 maxilhped, F 1 to F\ the 

. , . beven pairs of thoracic appendages; Sf , the first swim- 

prmcipally by spring- mmg foot of the abdomen. 

ing and by swim- 
ming. The head, which is sometimes small (('revettina, fig. 35G), 
sometimes large and then much swollen ( Hyperina , fig. 357), is 
sharply distinct from the thorax and is fused with the first of the 
seven thoracic segments only in the aberrant group of the Lcenioclipoda. 

The two pairs of antennae usually consist of a short strong shaft 

* Besides the older works of De Geer. Rdsel, M. Edwaids, etc., compare 0. 
Spence Bate, “On the Morphology of some Amphipoda of the Dhision Hy)>er- 
ina,” Ann. of Nat. Nat.. Ser. 2. vol. xix.. 1857. C. Sjieiice Bate, “On the 
nidifieation of Crustacea,” Ann. of Nat. Hist., Km 3. vol. i C. Spence Bate, 
“Catalogue of the specimens of Amphipodous Crustacea in the collection of the 
British Museum.” London, 1862. E. van Benedcn et Em BesseK “Memoire 
sur la formation du Blastmlerme chez les Amphipodes, etc,” Bruxelles. 1868. 
(\ Claus, Der Organismus dei Phronimiden, Arhntf n aazchm Zoo!. Institut. 
dev Uniernntat Wien. Tom II . 1871*. 
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and a long multiarticulate flagellum, which, however, may be more or 
less rudimentary. The anterior antennae, which are always longer 
in the male, often bear a short accessory flagellum and present 
numerous modifications in their special form. In the Hyperina they 
are very short in the female ; 'while in the male they are of consider- 
able length and are closely beset with olfactory hairs. The posterior 
antenme are frequently longer than the anterior : in the male 
Typhi<l<r they are folded in a zigzag fashion, and in the (\ orophlidm 



c- 367 . — Phrommi tednilaria, a , female, b, male 0, eye* , A , A , the two pans of an 
tenna? , Kf, jaws , D, intestine , H, heart and aoita, AT, Kills , Ov, ovary , N, nervous 
system , Dr, glands in the chela of the fifth pan of logs , G, genital opening 

are modified to fonn strong peditorm appendages. In the female, on 
the contrary, they may be degenera ted and represented only by the 
basal joint (Phroniow) (fig. 357, a and b). 

The mandibles are powerful biting plates with a sharp, usually 
toothed edge and a lower masticating process. They usually possess a 
three-jointed palp, which is occasionally reduced. The anterior bi- 
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lobed maxillse also lmve as a rule a short, two-jointed palp, while the 
maxillse of the second pair are reduced to two lamella? of considerable 
size attached to a common base. The maxillipeds fuse to form a sort 
of underlip, which is either tri-lobed ( Hyperina ) or bears upon a com- 
mon basal portion an internal and external pair of lamella?, of which 
the latter may be considered as the basal joint of a large multiar- 
ticulate and frequently pediform palp ( Crerettina and Lwniodipoda ). 

Delicate lamellae or tubes, which are attached to the coxal joints of 
the thoracic legs, function as gills ; the active movements of the 
abdominal swimming feet cause a constant renewal of the water 
around them. In the female there are in addition to the gills 
lamellar plates ( oosteyites ), w'hich are applied together under the 
thorax to form a brood -pouch. 

The males are distinguished from the females not only by the 
absence of the oostegites, but chiefly by the stronger development of 
the prehensile hooks on the anterior thoracic feet and the different 
formation of the antenna?. 

The eggs pass into the brood-pouch and there develop. The yolk 
sometimes ( G . locusta and other marine species) undergoes a com- 
plete segmentation. Sometimes (Q. p>idw), after a superficial seg 
mentation, a peripheral cell layer is separated, which de\elops into 
a delicate blastoderm beneath the egg membrane. A ventral 
piimithe streak is then formed, and on the dorsal side, beneath a 
differentiation which has been erroneously taken for a micropyle, 
a peculiar globular organ makes its appearance : this is the first rudi- 
ment of the cer\ical gland (dorsal oryan ), which is confined to em- 
bryonic life. The appendages are de\ eloped from before backwards 
on the ventrally flexed body of the embryo. The young animals 
usually possess at hatching all their appendages and in all essential 
points have the structure of the adult animal, but the number of 
joints of the antenna^ and the special form of the legs still present 
differences. In the Hyperina alone the just hatched young may be 
without abdominal feet and differ so much in their form from the 
adult that they may be said to undergo a metamorphosis. 

The Atnphipoda for the most part live in fresh and salt water 
and lead an independent life (the presence of Arctic species in the 
►Swedish and Norwegian seas is \ erv interesting). Some, however, 
live in tubes ( (Jerapas ), others in holes gnawed in wood (Chelvra). 
The large size of the deep-sea forms is of special interest ; amongst 
these a Gammarid , allied to the genus Jphimedla , and Cystosoma, 
Neptuni ( Hyper idee) become several inches in length. The 11 y perm a 
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live principally in transparent marine animals, especially in Meditsce, 
ami may, as the female Phronima sedentaria , take up their abode 
with their entire brood in transparent Pyrosoma , whose internal 
parts they eat up. The Cyamidic among the Lmmodipoda are 
parasitic on the skin of whales. 

Tribe 1.— Laemodipoda. 

Amphipoda with cervical! y placed anterior leys and rudimentary 
apodal abdomen . 

The anterior thoracic segment is more or less closely fused with 
the head and the anterior pair of legs shifted on to the neck. The 
maxillipeds are modified to form a quadripartite under-lip with long 
palps. The branch he are usually confined to the third and fourth 
thoracic segments, the legs of which are often rudimentary or are 
altogether wanting. The feet end with hooks for attachment. The 
abdomen is small and reduced to a short protuberance destitute of 
appendages. 

Cfijtrclla Uncart* L. Body elongated and thin. They ai e parasitic on Flydroids 
and colonics of Bryozoa. Ct/amu* crti L. Body broad and flat ; abdomen quite 
rudimentary; parasitic on the skin of Cetacea. 

Tribe 2. — Crevettina. 

Amphipoda with small head , small eyes , and multiartictdate pediform 
maxillipeds. 

Both pairs of antenna 1 are long and multiarticulate ; in the male 
they are larger than in the female. The upper or anterior antennre 
are usually, as in ( jammarus , the longer ; their shaft is composed of 
several joints and bears a small accessory flagellum as well as the 
principal one. The contrary may, however, occur, as in Corophiam , 
where the posterior antenna* are elongated and pediform. The 
maxillipeds in all cases fuse together at their base and form a large 
under-lip, usually with four lamella* and two jointed pediform palps. 
The coxal joints of the thoracic legs have the form of broad and 
large epimeral plates. The abdomen has always the full number of 
segments. The three posterior pairs of abdominal feet ( uropoda ) 
are well developed and often much elongated. This group, which 
includes an astonishing variety of forms, is principally distributed in 
the colder seas. 

Fam. Corophiidse. The body is not laterally compressed. Tlie posterior 
antenna* arc more or less pediform. The coxal joints of the legs arc frequently 
very small. They move rather by walking. Corophium longicornc Fabr., dig 
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passages in mud. Cerapux tubular is Say., lives in tubes. Podocerux rartegatus 
Leach., English coast. Chelura terebrans Phil, is allied here, gnaws, with 
Limnoria lignnnnn , wood- work in the sea. North Sea and Mediterranean. 

Fam. Orchestiid®. Anterior antenna' usually short, always ‘without accessory 
ramus. The posterior pair of uropoda are unbranched and arc shorter than 
the preceding pairs. They live on the shore, especially on sandy beaches, and 
move by springing. Talitrux saltatnr Mont. = 71 lor tint a Latr. On the sandy 
coasts of Europe. Orchextia lift area Mont., North Sea. 

Fam. Gammarid®. The anterior antenmc often have a second ramus, which 
is always longer than the shaft of the posterior. The coxal plates of the four 
anterior pairs of legs arc very broad. They move more by s\\ miming than by 
springing. Ga mmarux pule.v L., (r. flu riatili# Rbs., G. marinu.s Leach. In the 
blind Xiphargu8 Schiodte the crystalline cones and eye pigment are wanting. 
X. puteanux Koch., in deep springs and lakes (Lake of Geneva). Lgxianaxxa 
CosUe Edvv., Mediterranean. L. atlanticu Edw. L. magellaniea Lillj. 

Tribe 3. — Hyperina. 

A mphipoda with large swollen head and large eyes, usually divided 
into frontal aiul lateral eyes. They have a pair of rudimentary 
maxillipeds functioning as underlip. 

The antenna* are sometimes short and rudimentary, sometimes of 
considerable size, and in the male are elongated into a multiarticulate 
flagellum ( Hyper ida > ). The posterior antenna* may in the female be 
reduced to the basal joint enclosing the glandular tube ( Phromina ) ; 
in the male, on the contrary, they are folded in a zigzag, after the 
manner of a carpenter’s rule (Plat yscelinee). A paired auditory 
vesicle may be present above the brain (Oxycephalns, Phabdosoma). 
The maxillipeds form a small hi* or tri-lobed under- lip. The paired 
legs end in some cases in a powerful chela. The caudal styles are 
sometimes lamellar and fin-like, sometimes styliform. Development 
takes place by metamorphosis. They live principally in jelly-fish, 
and swim very rapidly. 

• 

Fam. Hyperid®. Head globular, almost entirely occupied by the eyes. The 
two pairs of antennae have a multiarticulate shaft ; the flagellum longer in the 
male. The mandible has a three- jointed palp. The fifth pair of feet is gener- 
ally formed like the sixth and seventh, with claw-like terminal joint. Jfj/pcria 
(Lextrigonus Edw.) medusa nun O. Fr. Miill. (77. galba Mont. = 77. Latredli 
Edw.) with Lextrlgonux exnlans Kr. as male, North Seas. 

Fam. Phronimid®. Head large, with projecting rostrum and large divided 
eye. The anterior antennae are short in the female, with only two or three 
joints, in the male with long multiarticulate flagellum and a shaft closely 
beset with olfactory hairs. The thoracic limbs have in some cases powerful 
chelae. Phroxina nieammx Edw., Phronima xedentaria Forsk. The female 
lives with its offspring in Pyroxoma and Diph yidre, Mediterranean. 

Fam. Platyicelidse. Both pairs of antennae hidden beneath the head ; the 
anterior are small ; in the male with much swollen bushy shaft, and short, 
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slender flagellum composed of few joints. The posterior antennae are in the 
male very long and folded three to four times together in a zigzag fashion ; in 
the female they are short and straight, sometimes quite reduced. The basal 
joints of the fifth and sixth pairs of legs are usually enlarged into great 
lamellae, which cover the thorax. The seventh pair is generally rudimentary. 
Eutyphis (Typhia Risso) oroides Risso {Plat yseelus x erratux Sp. Bate), Mediter- 
ranean. Oxyoephalux ptscator Edw., Indian Ocean. 


2. Sub-order: — Isopoda/ 



Fig. 358. — Asellug aquatic it* (after 
G. O. Sarfe). Female with brood 
pouch, seen from the \entral side. 


Arthro8traca with usually broad , more 
or less arched body , with seven free tho- 
racic rings , with lamellar legs function- 
ing as branchice on the short-ringed, 
often reduced abdomen . 

The structure of the body, which is 
fiat in shape and covered by a hard, 
usually encrusted integument, presents 
a great agreement with that of the 
Amphipodo , to which the in many 
respects peculiar Tanaidte are most 
nearly allied. The abdomen of the 
Isopods is, however, usually much short- 
ened and composed of six short seg- 
ments, which are often fused with one 
another ; it terminates with a large 
caudal lamella. The abdominal legs are 
only exceptionally ( Tanaidtv ) swimming 
feet ; as a rule they have the form of 
branchial lamella?. The sixth pair may 
be fin-like or stylifoim. The anterior 
antenna? are, with a few r exceptions, 
shorter than the posterior and external 
antenna? ; in rare cases ( Oniscidce ) they 
become so much reduced that they are 
hidden beneath the cephalic carapace. 
In exceptional cases only ( Apseudes ) 


* H. Rathke, “ Untersuchungen fiber die Bildung und Kntwickelung del 
Wasserassel,” Leipzig, 1832. Lereboullet, “Kur les Crustacds de la famille 
des Cloportides, etc,” Mem. du Museum dluxt.nat. de Strasbourg, Tom. JV., 
1850. N. Wagner. “ Recheiches sur le systeme circulatoive et les oiganes de la 
respiration chez le Porcellion elargi,” Ann. dex sc. nat ., Ser. 5, Tom. IV., 1865. 
A. Dohrn, “ Die Embryonalentwickelung des Asellus aquaticus,” Zettxchr jar 
iris*. ZooL, Tom. XVII., 1867. N. Bobretzky, “ Zur Embryologie des Omscus 
murarius,*’ Zeitxchr. fur n'isx. Zool. , Tom. XXIV., 1874. 
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they bear two flagella. As in the Amphipoda , pale, plumous setae 
and olfactory cones are present on the antenna 1 . The mouth parts 
are in some parasitic Isopoda modified for piercing and sucking. The 
mandibles (except in Bopyridcv and Oniscidce) often bear a tliree- 
jointed palp. On the other hand, the two pairs of maxillae, which 
are usually bi- or tri-lobed, are in general without the palpiform 
appendage. The maxillipeds form a sort of underlip, but present 
great differences in the arrangement of their parts (fig. 358). 

As a rule the seven pairs of thoracic legs are adapted for walking 
or attachment, and in the female some of them are provided with 
delicate membranous plates 
(oostegites) w hich form a brood 
pouch. They never bear gills. 

The branchial function is dis- 
charged by the delicate inter- 
nal rami or endopodites of 
the abdominal limbs (pleo- 
pods), the anterior pair of 
which is frequently modified 
to form a large operculum 
overlying the following pairs. 

In certain of the terrestrial 
Isopods (For cell io and Arma- 
dillo) the opercular plates 
of the two anterior pairs of 
abdominal limbs contain a 
system of air spaces wliicli ap- 
pear to assist respiration. The 
heart, unlike that in Am phi- 
pods, lies (except in Tana id w) 
in the posterior thoracic seg- 
ments or in the abdomen. 

The sexes are (except in C ymothoida>) separate, and the position 
and arrangement of the generative organs correspond in general 
with those of the Aiaphipoda. The sexes are distinguished by 
external sexual characters, which in some eases ( Bopyrida ) may lead 
to a strongly-marked dimorphism (fig. 359, a, 5). In the male 
three tubular testes unite on either side to form a dilated seminal 
vesicle, from which the vasa deferentia are given off. The latter are 
frequently separate along then whole length and, at the end of the 
last thoracic segment, each of them enters a cylindrical appendage 



Fig ioU — (ryge biandnah * (after ( ornalm and 
Pancei 1 ) a, Female Been ftom the ventral 
wide , Bt l, ooste^ite ; J5T, branchia.' h, 
Abrlomen of the same strongly magmftod, 
with adhering male. 
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(Asellii#) or they unite together into a common median penis which 
lies at the base of the abdomen ( Oniscuhe ). A pair of styliform or 
complicated, hook-bearing appendages of the anterior abdominal feet 
are to be looked upon as accessory copulatory organs ; in addition 
to these a pair of outwardly turned chitinous rods on the inner side 
of the second pair of feet may also be present ( Oniscidce ). The 
Cymothoidce are hermaphrodite* (Bullar), but the sexual organs 
become ripe at different times. In tiie young stage these animals 
function as males, and possess three pairs of testes, two rudimentary 
o\aries internal to the testes, and a paired, copulatory organ into 

which the two vasa deferentia 
open (fig. 360). After a subse- 
quent ecdysis and after the fe- 
male glands have developed at 
the expense of the gradually 
diminishing male glands, the 
oostegites, w liicli in the meantime 
have been developed, become free 
on the thoracic legs and the copu- 
latory organs are thrown off. 
Henceforward the animal func- 
tions only as a female. 

The embryonic development 
begins after the entry of the eggs 
into the biood pouch and is in- 
ti oduced by a centro-lecitlial seg- 
mentation, the central part of 
the egg (food yolk) remaining at 
first un segmented. The blasto- 
derm soon consists of a periphe- 
ral layer of naked nucleated cells 
and pioduces by a rapid growth 
of its constituent cells the ventrally placed germinal bands, at the 
anterior end of w T hich the cephalic lobes are first marked off. The 
rudiments of the trifoliate appendages (dorsal organ) of the Isopod 
embryos are next formed as two prominences on the cephalic lobes. 
The physiological and morphological meaning of these structures has 
not yet been explained. Of the appendages the two pairs of antennse 

* J. Bullar, “ Hie generative organs of the Parasitic Isopoda,” Jovni. Anat. 
Physiol., 1876. P. Mayer, “Ueber den Heimaphroditismus einierer Isopoden,” 
Mittheil. aus dt r Zool. St at. Xi a p< h 1879. 



Fig -100 — Female of Cynwthoa Hauls (after 
M. Edwanl'-) Brl, oowtegite. i> % Sexual 
oiganfe ♦rom a Cymothoa (evfnde*, 13 mui m 
length (after P. Mayer). 7\ The three 
teftte^ , Oc, ovary ; 0<!, oviduct , Vd, vas 
defeicns ; P , penis. 
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are the first formed. After these have made their appearance, a new 
cuticle, the larval skin corresponding to the Nauplius stage, is formed 
(as also is the case in Liyia according to Fr. Muller). While the 
other appendages are successively developed, the caudal region of the 
embryo becomes bent towards the dorsal surface. Of the embryonic 
membranes the chorion is the first to disappear, then the cuticle of 
the blastoderm, and finally, when the embryo is fully developed, the 
Nauplius skin. 

The young animals, when they become free in the brood-chamber 
(fig. 30 1), are still without the last pair of thoracic legs; in the 
Tanaidw the abdominal feet are also wanting. They undergo not 
inconsiderable changes in the form of the appendages until the 
attainment of sexual maturity. 

The Isopoda may therefore be 
slid to undergo a metamorphosis 
which is most complete in Ta- 
nais, Praniza ( Anceus ) and the 
Bopyridw . 

The Isopoda live some in the 
sea, some in fresh waters, and 
some on land ( Oniscidcc ). They 
nourish themselves on animal 
matters ; many of them are para- 
sitic (seldom complete endopi tra- 
shes, Enton iscus) principally on 
the skin and in the buccal and 

, i • i c n i i si Fig. 361.- Lai vn of Bopyt h* tttrhn, with kiv 

branchial cavities of fishes pairs oi thoracic le^s (utter R Walz)- 

mothouUA or in the branchial r, > under lw ; M., first aiwommn) «<■«- 

' ment ; A\ J ' , two pairs of tm teniae , Mill. 

cavity of prawns ( Bopyndw ). mandible. 

Trihe 1 .— Anisopoda.* 

Body more or less resembliny that of an A in phi pod. The abdomen 
with biramons swimming feet (Tanais), which do not function as gills, 
or with fndike feet (Anceus). 

Tam. Tanaid®. Tanais i hibiu * K r., Brazil. Two kinds of males smellers 
and claspors." T. gracilis Kr., Spitzbcrgcn. 

Tam. Franizid®, Anceidiv. Anceus wajril laris Mont. (Pr. cwndiata 
Beam.), North and West coasts of Europe. 

* Compare Spence Bate. ‘‘On Praniza and Anceus, etc,” Ann. of Sat. Hist., 
Ser. :i, Vol. II., ]8f>8. Hos«e, •‘Memoire sur lcs I’ranizes et les Awees.” 
Ann. d. Scan. Sat., Scr. IV., Tom IX., 1864. Fr. Miillcr; “ Ueber den Bau der 
Seheerenasseln,” Archie, fiir Nat nr <j each. Tom XXX., 1864. A. Dohrn, 

“ Eutwickelung und Organisation von Praniza maxillaris sovxie zur Kenntniss 
des Baues von Paranthura costana ” Zi itschr. far W.v. s. Zm>l., Tom. XX., 1870. 
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Tribe 2. — Euispoda. 

Body with seven free thoracic segments and as many pairs of 
appendages . Abdomen relatively short and broad , with abdominal 
feet modified to form branchial lamella >. 

Fam. Cymothoid®. With biting and sucking mouth parts, broad abdomen 
with short segments and shield-like caudfcl plate. The last maxillipeds in the 
form of an operculum. They live partly as parasites on fish, and partly as 
free-living animals. Cgmothoa centrum Leacli., C. cesto'oides Lis so, Mediter- 
ranean. Andorra mediterra nea Leach., JEga birarinata Leach., Serolit 
parado.ra Fabr. 

Fam. Sph® round®. Free-living Isopoda with broad head and short, very 
convex body, which can often be rolled up in a ball towards the ventral side. 
Splurroma fossaronn Mont., in the Pontine marshes ; nearly allied is the S. 
granulatum of the Mediterranean. S. serration Fabr., Ocean and Mediterranean. 
It also lives m brackish water. 

Fam. Idoteidae. Free-living Isopod a with elongated !>ody. biting mouth 
parts, and a long caudal shield formed of several segments fused together. The 
last pair of abdominal feet is modified to form a wing-shaped operculum for 
the protection of the preceding branchial feet. Idotea entomon L.. Baltic. 

Fam. Asellid®. Body flattened ; the last pair of alxlominal feet (pleopods) 
are styliform (not shaped like an operculum). Jcrra albifrons Mont.. British 
seas. Asellvx agitations L„ fresh water form. A. cavatirvs Schibdtc, in *deop 
springs. Limnnna terebrans Leach. L. Ug nor inn , gnaws wood-work in the 
sea. 

Fam. Bopyrid®. Parasitic in the branchial chamber of prawns ; the body of 
the female is disc-shaped, unsymmetrical, and without eyes. The males are 
very small and elongated, with distinctly separated segments and eyes. Pojnjrus 
squillarnm Bati., on Pula' own cgudla. 

Here are allied the Entoni.se id a 3 , which are parasitic in the body cavity of 
other Crustacea ( ('irripedia , Pag u rider, and Crabs), Crgpton iscux plana rioides 
Fr. Mull., parasitic on Sacrulina purpurea of a Pagurux , Brazil. Cr.pt/gnurus 
Rathke, parasitic on Peltogasttr. Entoniseia Porcellancr Fr. Miill., lives 
between the heart and the intestine of a species of Porcrllana in Brazil. 

Fam. Oniscid®. Land Isopods. Only the internal lamella* (endopodites) 
of the abdominal feet are modified to form delicate branchi®. the exopodites 
constituting firm opereula. The tw r o anterior abdominal feet are sometimes 
provided with air chambers. The mandibles are without palps. They live 
mostly in damp places on laud. Ligia oceanica L., on stones and rocks on 
the sea coa3t. Ontscus on urariios Cuv., Porcellio scaber Leach., Armadillo 
vulgaris Latr., A. officinarnm Brdt. 

Order 2. — Thoracostraca.* 

Malacostraca ooith compomul eyes which are usually placed on 
movable stalks , with a dorsal shield which connects all or at least 
the anterior thoracic segments with the head. 

* Besides the larger works of Herbst, M. Edwards, Dana, and the essays of 
Duvemoy, Audouin and M. Edwards, Joly, Couch, etc. compare Leach, 
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The Thoracostraca, like the Arthrostraca, possess a cephalo-thorax 
composed of thirteen segments and an abdomen composed of six 
segments, as well as a caudal plate (tel son) ; but the body is stouter 
and adapted to a more perfect locomotion and a higher grade of 
life. The thorax, instead of being composed of seven distinctly 
separate segments, is covered by a dorsal carapace which effects a 
firm and intimate fusion between the head and thorax. The degrees 
of development of this dorsal carapace are various. When most 
highly developed, it forms the dorsal integument of the anterior or 
of almost all the thoracic segments ; and its lateral portions only, 
which have the form of wings and are bent towards the ventral 
surface, consist of a free reduplicature. 

The application of the appendages differs from that in the 
Arthrostraca, and, indeed, varies in the different groups of the 
Thoracostraca. The cephalotliorax has thirteen pairs, and the 
abdomen seven. The facetted eyes are born on two movably separated 
stalks. These were for a long time considered as the anterior pair 
of appendages, while in fact they are merely lateral portions of the 
head which have become jointed. Both pairs of antennae belong to 
the anterior region of the head. The anterior antennas or anten miles 
as a rule bear on a common shaft two or three flag ell a — a* the 
peripheral multiarticulate filaments are called — and are pre-eminently 
sense organs. In the Deccipoda the auditory vesicles are placed in 
the basal joint, and on one of the flagella there are delicate hairs and 
fibres, which are in connection with nerves and are to be looked on 
as olfactory organs. The second antenme are attached externally to 
and somewhat beneath the antennules. They bear a long flagellum 
and in the inacrurous Decapoda are often provided with a more or 
less considerable scale. A gland (the green or antennal gland) 
usually opens on a conical process of their basal joint. 

The following three pairs of appendages function as jaws; the 
powerful mandibles, which are furnished with palps, lie at the side 
of the upper lip ; further backwards are the two pairs of lobed 
maxillae, in front of which and behind the mouth is the small bilobed 
underlip. The following eight pairs of appendages present a very 

“ Malacostraoa podoplithnlma Britaimiae,” London, 1817 — 1821. V. Thompson, 
“ On the metamorphosis of Decapodous Crustacea.’* Zool. Journ., vol. ii. , 1831, 
alxo lx is. 1834, 1838, 1838. H. Rathke, Untersuchungen fiber die Bildiing und 
die Entwickelung dos Flusskrebses,’’ Leipzig, 1829. Th. Bell, ** A history of the 
British stalk-eyed Crustacea,” London, 18o3. Lereboullet, Reclierches 
d'embryologie compar^e sur le developpement du Brochet, de la Perche et do 
l’Ecrevisse,” Paris. 1882. V. Hensen, '• Studien iiber das Gehbrorgan dor 
Decapoden,** Leipzig, 1883. 
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different form and adaptation in the various groups. As a rule, the 
anterior pairs are modified to assist in taking up food and are moved 
nearer the mouth ; these are the maxillipeds, which, with regard to 
their structure, hold an intermediate position between jaws and feet. 
In the JJecapoda (fig. 362) three pairs of appendages have the form 



Fig. 3G2. —Male uni female of Attorn* Jluvtatifw seen from the ventral side. In the male the 
Biulmlatoi y and abdominal feet ot the left side havo been removed ; in tho female the am- 
bulatory tee t of the light side and tho run xillipeds of both sides A antennules; A', 
antenna? , PI, scale of antenna , Md, mandible vntli palp , Mx', Mx' , first and second maxill® 
Mxf 1 to Mxf\ the three pairs of maxillipeds ; Qoe, genital opening ; Doe , opening of the 
green gland, F’, V , first and second abdominal foot , Or, eggs , A, anus 

of maxillipeds, so that there are only five pairs of leg^ left on the 
thorax. Tn the Stomatopoda the first five pairs of thoracic append- 
ages are modified to form maxillipeds and there are only three pairs 
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of biramous swimming feet, which arise from the three posterior free 
segments of the thorax. The thoracic legs are either, at least in part, 
biraiuous (with swimming ramus), or as in the Decapods the exopodite 
is absent and the legs have the form of ambulatory appendages. They 
then terminate with simple claws : the anterior frequently with large 
chela*. The terminal joints may liow r ever be broad plates, in which 
case they can be used as swimming feet. The biramous legs of the 
sixth abdominal segment are, as a rule, broad and tin-like and form, 
together with the last abdominal segment which is transformed into 
a large plate (teison), the caudal fin. The feet of the live anterior 
abdominal segments, on the other hand, are sometimes swimming 
feet i Stomatojwda ), sometimes serve to carry the eggs, or the anterior 
may assist in copulation (in the male). They may however be more 
or Jess rudimentary and some of them absent. 

With rare excep- 
tions ( Mfjsiche ) all 
the Thorn cost raca 
possess gills, which 
are either tufted or 
composed of regular 
lancet-shaped leaves. 

The gills are appen- 
dages of the limbs : 
in the Stomatopoda 
they are attached to 
the abdominal feet, in 
the Sch izopoda and 
Decapoda to the maxillipeds and ambulatory feet. The Gvmacm 
are without gills, except for a single pair on the second pair of maxil- 
lipeds. In the Decapods they are contained in a special branchial 
chamber beneath lateral expansions of the carapace (branchiostcgite) 
(fig. 3C>3). 

The organs of circulation also attain a high degree of development, 
the highest not only among the Crustacea , but in general amongst 
all Arthropods. A heart and vessels are always present. In the 
Stomatopoda the heart has the form of an elongated tube, which 
extends through the thorax and abdomen, possesses numerous paired 
slits, and in addition to an anterior and a posterior aoi*ta gives off 
to the right and left several branching arterial trunks. In the 
Cumacea , ScJdzo])oda and Decapoda the heart has a saccular form 
and lies in the posterior region of the cephalo- thorax. More rarely. 



’’j(. 3(>3 — ('epluilothoni'v ol A*tacnt, m f1ur a f tint, after icmovul 
of the branchioate^ite (flfter.Huxley). K (Jills, R, row 
tvura , O, stalked eye , Vp, acaphognathite (of the second 
maxilla) , Mxf , third m.ixilliped. 
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m in the youngest larvre of the Decapoda , only one pair of blits is 
present ami the arterial system has but few branches. In the fully- 
developed Decapoda the number of paired slits is increased by the 
addition of a dorsal and a ventral pair, and the vascular system is 
considerably perfected. An anterior cephalic aorta supplies the 
brain, the antenna? and eyes. Two lateral pairs of arteries send 
branches to the stomach, liver and generative organs. The posterior 
abdominal aorta usually divides into a dorsal and a ventral artery, of 
which the first supplies the muscles of the tail, the latter (known as 
sternal artery) sends branches to the appendages of the thorax and 
abdomen (fig. 364). From the ramifications (often capillary-like) the 
blood flows into larger* or smaller canals with connective tissue walls 
which may be regarded as veins, and from thence into a wide 
blood space situated at the base of the gills. It thence passes through 



Fr<*. 364 —Longitudinal feection through A*tacu* Jturwtihi (alter Hu\le>) ( , Heait ; Ac, 
cephalic aorta; Aa, abdominal aorta, the sternal tutery ( Stu ) is given off clo&eto its 
origin; Km, masticatory stomach, D, intestine , L, liver, T, testis, Vd, vas deferens; 
Go, genital opening , G, bram , N, ganglionic cord ; Sf, lateral plate of the caudal fin. 

the gills and, having become arterial, passes into other vascular 
tracts (branchial veins containing arterial blood), which conduct it 
to a receptacle surrounding the heart, the pericardial sinus : from the 
latter the blood enters the heart through the slits which are provided 
with valves. 

The alimentary canal consists of a short (esophagus, a wide saccular 
crop and an elongated intestine which opens by the anus beneath 
the median plate (telson) of the caudal fin. The wide crop or 
masticatory stomach is supported by a firm chitinous framework, to 
which are affixed several pairs of masticatory plates (derived from 
thickenings of the chitinous lining). In the Decapoda two round 
concretions of carbonate of lime (Cray-fish) may be deposited in the 
walls of the masticatory stomach beneath the chitinous lining ; these 
are the so-called “ eyes,” and are found in the spring and summer. 
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The ducts of the very numerous, multilobed hepatic circa open into 
the anterior part of the elongated intestine. 

A simple or looped glandular tube (the green gland ) opens on the 
basal joint of the posterior antenna. A shell gland is not de\ eloped. 

The nervous system is distinguished by the size of the brain, 
which is placed far forwards and gives off nerves to the eyes and 
antennae. The ventral cord, which is connected with the supra- 
cesophageal ganglion (brain) by very long commissures, presents very 
different degrees of concentration. In the brachyurous Decapods 
this concentration reaches its highest point, all the ganglia being 
fused together to form one great thoracic ganglionic mass. The 
system of visceral nerves is also very highly developed. 

Sense organs The eyes are large and facetted. Except in the 



Fig. 3b5 — Geneiativo oigans of Asfaiu* a , remctlt , ft, molt Ot ovaries, Oil, oviduct , 
l a , vulva on the basal joint of tlie third ]>an ot ambulatory legs ( F ) , 7\ testis , T d, 
v.ia defei en& , Ot, genital openings on the basal joint of the fifth pair of ambulatory 
legs (F') 


Cum ace a, in which the eyes are sessile, they are borne on movable 
stalks, which morphologically are to be regarded as the lateral parts 
of the anterior region of the head which have been segmented off. 
In the larva a median simple eye, equivalent to the unpaired Ento- 
lnostracan eye, may appear between the stalked facetted eye*. In 
exceptional cases the adult animal may have paired eyes at Die sides 
of the thoracic appendages, and unpaired eyes between the abdominal 
feet ( Enjriumsia ). Auditor // organs are wanting in the O uinacea 
ami Stomatopoda. In the J)eca}>oda they are present as vesicles 
containing otoliths in the basal joint of the anterioi antenna, and in 
many Schhopoda in the lamella* of the caudal fin. The delicate 

30 
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filaments and hairs on the surface of the anterior antenna? have the 
value of olfactory organs ; the antenna? function as tactile organs , 
as do also the palps of the jaws, the maxillipeds and the legs. 

The generative organs are paired and lie in the thorax or in the 
abdomen Stomatojwda ), and, as a rule, are connected across the 
middle line by a median portion. The female organs consist of two 
ovaries and two oviducts, which open on the basal joint of the antepen- 
ultimate pair of ambulatory legs or on the sternal region between 
these appendages (fig. 3G5, a). The testes (fig. 365, b) are composed 
of numerous sacs and blind tubes, and, like the ovaries, are connected 
by a median portion ; there are two vasa deferentia, often much 
coiled, which open on the basal joint of the last pair of ambulatory 
legs, more rarely on the sternum, and occasionally on a special 

copulatory organ ( Schi - 
zojyoda). The first, or 
the first and second, 
pair of abdominal feet 
act as intromittent or- 
gans. The eggs either 
pass into a brood-pouch 
formed by lamellar ap- 
pendages of the thoracic 
legs f f un mcea , Sclt ho - 
2 ? 0 ila)j or become at- 
tached by means of the 
cementing secretion of 
special glands to the 
hairy abdominal feet of 
the female, where they remain until they are hatched (JJecajmla). 

Development. --Most of the Thoracostraca undergo a metamor- 
phosis which may be more or less complicated. The Cinnacea, some 
Schizopoda ( Mysidea ) and the fresh-water JJecapoda (Astacus) leave 
the egg membranes with the full number of segments and appen- 
dages. All the Stomatopoda, on the contrary, as well as most of the 
Decapoda , are hatched as larvae ; the latter in the so-called Zocea 
form with only seven pairs of appendages in the anterior region of 
the body (there are two pairs of antennae, mandibles, two pairs of 
maxillae, and two pairs of maxillipeds), without the last six thoracic 
segments and with a long abdomen destitute of appendages (fig. 366). 
The two pairs of antenna 1 of the Zotra are short and destitute of 
flagella. The mandibles are without a palp ; the maxilla? are already 



Fig. 366 — Crab zoa^a (Thur), aftei the first moult ZS, 
Zoaea spine on the buck, Kf, Kf', the two paim of 
biramouB appendages corresponding to the fiist and 
second pairs ot maxillipeds. 
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lobedand used as jaws; tlie four anterior maxillipeds aie biramous 
and act as biramous swimming feet ; and behind them, in the macru- 
rous Decapods, the maxilliped of the third pair also appears as a 
biramous swimming foot. Gills are as yet wanting, being repre- 



Fig 307 — Laiva ot Vcnaeu* (after Fr Mullet) Nau pints form seen fiom the dorsal sur 

lace b, Metanauphus stage soen from the left side, Mx , anterior maxilla*, Ms , pos 
tenor maxilhe, Gl, sixth and seventh pairs ot appendages or hist and second 
maxillipeds t, Zooea stage , 0 , eyes 


sented by the thin surfaces of the sides of the cephalo-tlioracic 
shield, beneath which a continual current of watei flowing fiom 
behind forwards is kept up. A short heart with one oi two pairs 
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of blits is present. The facetted eyes are of considerable size, but 
are not stalked. Between the facetted eyes there is in addition an 
unpaired simple eye, the Entomostracan eye. The Zooni larvae of the 
short-tailed Decapoda (Crabs) are, as a rule, armed with spinous 
processes. They usually have one frontal spine, a long, curved dorsal 
spine, and two lateral spinous processes of the cephalo-thoracic shield. 

The Zosea, however, is not by any means always the earliest larval 
stage. Passing over those cases in which the larva has the Zorea 
form but is without the middle maxillipeds, there are Podophthal- 
mata (Pencem), which leave the egg as Nauplii (fig. 367). Thus 

a b 




Fig. 368.- Zoasa of luashuH m advanced stage with rudiments of the third maxilliped {Ef") 
and the five pairs of ambulatory feet (blip ) ; C, heart ; i, liver, b, Mtgalopa stage of 
Fortimus; Ab, abdomen, F' to _F' first to fifth ambulatory legs. 

the developmental history proves that the series of forms of Ento - 
mostraca and Malacostraca are continuous. 

During the growth of the Zoiea, the subsequent metamorphosis of 
which is quite gradual and always different, the six (five) pairs of 
thoracic legs, which are as yet absent, sprout out beneath the 
cephalo-thoracic shield. The abdominal feet also make their appear- 
ance on the abdomen, and the larva* finally enter the Sell izopod -like 
stage, from which the adult form proceeds. The Crab Zoa a, how- 
ever, after a later eedysis, enters upon a new larval stage, that of the 
Megalopa (fig. 368, b) ; in this stage it already presents the cha- 
racters of the Brachynra , but still possesses a large abdomen, which 
is indeed ventrally flexed, but provided with a caudal fin. 
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The Thoraco8traca are for the most part marine, and feed on dead 
animal matter or capture living prey. Most of them are good 
swimmers ; others, e.g. numerous species of crabs, walk and run and 
sometimes move sideways or backwards with great agility. The 
chela 1 of the first pair of ambulatory legs (fourth thoracic appendages) 
constitute powerful weapons of defence. Besides the frequent ecdyses 
of the larval stages, the sexually adult animals cast their shell once 
or several times in the year ( Decapoda ). They then live with the 
new and still soft skin for some time in protected hiding-places. 
Some Brack t/ura are able to live for a long time in holes in the earth 
away from the sea. These land crabs undertake, usually at the 
breeding season, common migrations to the sea and return later to 
the land with their fully developed offspring ( Gecarcinns rnricola). 
The most ancient fossil Pod ophthalmia hitherto known are the mac- 
rurous l)ec<t]>oda and Schizopoda, from the carboniferous formations 
( Paheocrangon , Palaocarabus , P pyocephalus). 


(1) Sub-order: Cumacea/* 

Thoracostraca with a small cejdt < do-thoracic shield , ( four to) five 
free thoracic segments, two pairs of maxillipeds , and six pairs of legs , 
of which at least the two anterior pairs have the hiramous Schizopod 
form . The abdomen is elongated and composed of six segments , ami 
bears , in the male , two , three or jive pairs of swimming feet in addition 
to the caudal appendages . 

The Cnmacea , the systematic position of which was formerly very 
differently estimated, have a superficial resemblance to Decapod larvae, 
which they also recall in the simplicity of their organization ; while 
in many of their characters, such as the formation of the brood-poucli 
and.tlieir embyronic development, they approach the Arthrostraca . A 
cephalo-thoracic shield is always present and includes, besides the 
segments of the head, the anterior thoracic segments and their 
appendages ; the four or five posterior thoracic segments, however, 
remain free. 

The anterior antennae are small and consist of a three-jointed basal 
portion, to the end of which, especially in the male, tufts of olfactory 
liairs are attached, and of a short flagellum and secondary flagellum. 

* H. Krdycr, ‘*Fire nye Artcr af sla^gtcn Cuma/' Xaturh. TUhshr., Tom III., 
1841. H. Krbyer, “ Om Cumacceriies Familie,” Xatvrh. Ttthxhr. N. R., Tom 
III., 181(5. G. O. Sars, “ Beskrivelse af de paa Fregattcn Josephines Exped. 
fundne Cumaceer,” Stockholm, 1871. A. Dohrn, lt Ueber den Bau und die 
But wick clung dor Gumacecn,” Jen. tutturwUs . Zeitschr. Tom V., 1870. 
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In the female the posterior antenna 1 are short and rudimentary, 
while in the adult male they, together with their multiarticulate 
flagellum, may be as long as the body (as in Nebalia). The upper-lip 
is usually small, while the deeply cleft under-lip is of considerable 
size. The mandibles are without palps, and possess a comb of bristles 
and a powerful masticatory process below their strongly toothed 
extremity. The anterior maxillae consist of two toothed blades and 
a cylindrical, flagellate appendage directed backwards. The unpalped 
maxilla of the second pair is composed of several pairs of masticatory 
plates lying one above another. The two following pairs of 
appendages may be distinguished as maxillipeds. The anterior, 
which corresponds to the palped under-lip of the Isopoda, is five- 
jointed and may be recognised bv the process of the basal joint ; the 
posterior, which is also usually five-jointed, is of considerable length 
and the basal joint is cylindrical and elongated. They also bear the 
large pinnate gill and a peculiar plate. Of the remaining six pairs 
of thoracic appendages, the two anterior are always formed like the 
feet of the Schizopoda ; they consist of a six- jointed leg, the basal 
joint being strongly developed and lamellar, and of a multiarticulate 
accessory ramus (exopodite) beset with long swimming seta*. The 
four last pairs of appendages are also six- jointed, but are shorter ; 
they bear in many cases, with the invariable exception of the last 
pur, a larger or smaller swimming appendage as exopodite. The 
very narrow and elongated abdomen is, in the female, entirely without 
swimming feet, but bears on the large sixth segment at the sides of 
the caudal plate long-stalked biramous caudal styles ; while in the 
male two, three or five pairs of swimming feet may in addition be 
present on the preceding segments. 

Fam. Diastylidae. lhaxlyUx Jtathhii Kr., North Sea. 1). Ed teurdsn Kr. 
Lfucon naxieux Kr., Norway. 

(2) Sub-order: Stomatopoda. 

Elongated Thoracostraca with short cephalo- thoracic shield which 
does not cover the thoracic segments. There are Jive pair of maxilli- 
peds and three pair of biramous thoracic feet. The swimming j'eet on 
the strongly developed abdomen bear branchial tufts. 

* Besides Dana, M. Edwards and others, compare O. Fr. Midler, “ Bruch- 
stiick aus der Entwickelungsgeschiehie der Maulfiisser,” 1. and II., AreJur fur 
Naturgexcft ., Tom XXVIII.. 1802, and Tom XXIX., 1803. C. Claus, “Die 
Metamorphose der Squilliden,” Abhnndl. der Gotti rn/er t'oeietiit , 1872. C. 
Grobben, “Die Geschlechtsorgane von Squilla mantis,” Sitziuujxhr. der It. 
Altad. der Wixsenssh., Wien, 1870. 
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The sub-order Stomatopoda , with which formerly the Schizopoda, 
the genus Leucifer and the Pit yllosomata (which are now known to 
be the larva) of Scyllarus and Palinurus) were united, is confined 
at the present day to the small and well-defined group of forms 
included in the Squillidce. 

They are Thoracostraca of considerable size and of elongated 
shape, with a broad, well -developed abdomen, which is much more 
extensive than the anterior part of the body and terminates in an 
extraordinarily large caudal fin. The cephalo- thoracic shield, which 
is formed of comparatively soft integument, is short and leaves 
at least the three large posterior thoracic segments to which the 
biramous swimming feet belong quite uncovered. The short segments 
of the maxillipeds also are not fused with the carapace. 

Appendages.— -The anterior part of the head with the eyes and 
antenme is movable, and the ventral portions of the following 
segments covered by the cephalo-tlioracic shield are capable of 
limited movements upon one another (fig. 369). The anterior 



internal antenme consist of a long three-jointed shaft, bearing three 
multiarticulate fiagella. The second pair of antenme has a large 
scale on the outer side of the multiarticulate flagellum (fig. 369). 
The mandibles, which are placed far biick, are provided with a slender 
three -jointed palp. The maxilla) are relatively small and weak. 
The live following pairs of pediform appendages are crowded 
together close to the mouth, and on this account have been appro- 
priately described as oral feet. They all bear at their base a 
discoidal plate, which, in the case of the two anterior pairs, attains a 
considerable size. The anterior pair alone (first maxilliped) is 
slender and palpiform ; it ends, however, in a small chela, which 
serves to seize the prey. The chela in this and all the other 
maxillipeds -of the Stomatopoda is formed by the terminal joint 
turning back and biting on the penultimate joint. The maxillipeds 
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of the second pair are by far the largest ; they are moved more or 
less outwards and are provided with a very large chela. The three 
following pairs resemble each other in size and structure, etich 
ending in a smaller rounded chela. Accordingly there remain for 
locomotion only the three pairs of legs of the last three uncovered 
thoracic segments ; they have the form of biramous swimming feet. 
The abdominal swimming feet, however, are much more developed 
and bear the branchial tufts on their external lamella 1 . 

The two sexes are only slightly different. The male is, however, 
easily to be recognised by the possession of the pair of rods at the 
base of the last pair of thoracic feet, and also by the slightly modified 
form of the first pair of abdominal feet. 



Fig. 370.— Young Alima larva. Af. Abdominal 
teet (pleopods) , anterior maxilhpeds ; 

Mxf>, the large maxillipedfi (second pair). 


M e t am orphosis. — The 

post - embryonic development 
consists of a complicated 
metamorphosis, which, unfor- 
tunately, is as yet not com- 
pletely known to us. The 
youngest larva* observed (about 
2 mm. long) already possess 
all the segments of the tlio- 
rax ; but the abdomen, except 
the caudal plate, is still un- 
developed. They are thus 
very different from the Zoiea 
of the Deed pod a. Later 
larval stages are described 
as Alima and Erichthus (fig. 
370). 


The Etomatopoda are found 
exclusively in the warmer 
seas. They are excellent 
swimmers and live by preying on other marine animals. 


Fam. Squillidae. Sqvilla mantis ltond., Sq. Drsmarrstii Kisso, Adriatic and 
Mediterranean. 


(3) Sub-order: Schizopoda.* 

Email Thoraco8traca with large , usually soft cephalo-thoracic shield 
and eight pairs of hiramov,s thoracic feet , which are similarly formed 
and frequently hear freely- projecting gills. 

* G. O. Bars, " Hist. nat. des Crustac6s d’eau douce de Noi vege,” Christiania, 
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In their outward appearance the Schizopoda resemble the long- 
tailed Decapods, inasmuch as they possess an elongated and usually 
compressed body, a large cephalo-thoracic shield covering the thoracic 
segments more or less completely and a well-developed abdomen. 
In the structure of their maxillipeds and thoracic legs, however, they 
differ essentially from the Decapods and approach the more advanced 
larva* of the prawns, which they also resemble in their simpler 
internal organization. Further, in all the deep sea forms the cephalo- 
thoracic shield leaves a greater number of the thoracic segments 
free (Siriella), and in the early larval stages all the thoracic seg- 
ments are free as in Nebalia. A larger or smaller number of these 
free segments subsequently fuse on the dorsal side with the carapace 
( Gnathophansia ). 

Appendages. — The first three pairs of thoracic appendages (the 
homologues of the maxillipeds of the Decapod a) are biramous 
ambulatory legs and resemble in structure the following thoracic 
legs, which, by the possession of a multiarticulate setigerous exopodite, 
are adapted both for swimming and for producing currents in the 
water. The two anterior pairs, however, show a closer relation to 
the oral appendages by their shorter and stouter form and by the 
presence of processes on the basal joint (. Mi/sis , Siriella). The 
principal ramus (endopodite) of the leg is always relatively slender 
and ends with a simple weak claw or with a multiarticulate tarsal 
flagellum. Rarely (Euj)hausia) the two last pairs of thoracic legs are 
entirely rudimentary, except as regards the largely developed bran- 
chial appendages. The abdominal legs are usually small and 
delicate in the female, but are strongly developed in the male. 
Sometimes they are of abnormal size and form (to assist in copula- 
tion), but only exceptionally (male of Siriella ) bear gills. The 
appendages of the sixth segment, which is usually very much 
elongated, are always lamellar, biramous structures and form with 
the telson a powerful caudal fin (fig. 371). The inner lamella or 
endopodite of this pair of limbs frequently contains an auditory 

vesicle. 

The differences between the males and females are so great that 
formerly they were placed in distinct genera. The former possess, 
on the anterior antenna*, a comb shaped prominence bearing a great 
number of olfactory hairs ; and, owing to the larger size of the 

1867. G. O. Snrs, “ Oarcinologishe Bidrag til Norges Fauna. Mysider,” 
Christiania, 1870 and 1872, It. a. Willemoes-Suhm, “On some Atlant. Crus- 
tacea,” cf. Trans. Lin. Sue., 1876. 
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abdominal feet, of which the anterior may, moreover, be provided with 
copulatory appendages, they are capable of a more rapid and perfect 
locomotion than the females, to which fact corresponds again the 
greater respiratory requirements and the possession of branchial 
appendages in Siriella. 

Development. — The females bear on the two posterior (My sis) or 
at the same time also on the median and anterior (Lophogaster) pairs 

of thoracic limbs lamella*, 
which form a brood pouch, in 
which, as in the Arthrostraca , 
the large eggs undergo their 
embryonic development. In 
other cases ( Eupliausia ), the 
development proceeds by meta- 
morphosis. The young En- 
2>hausia is hatched as a Nau- 
plius larva, on which the three 
following pairs of appendages 
(maxilhe and first maxillipeds) 
soon appear as small promi- 
nence's. The large carapace 
of the Nauplius, which is 
curved forwards round the 
base of the antenme where it 
has a serrated edge, is the first 
rudiment of the cephalo- tho- 
racic shield, and beneath it, 
at the sides of the unpaired 
eye, the rudiments of the late- 
ral eyes are \isible. The larva 
then, having moulted, assumes 
first the form of the Proto- 
zoiea and then of the Zosea 
Fig. 371 — Mi/*ie o< ui«ta. Female with brood (described by Dana as Calyp- 
vefolcle ' ' topis), which is however pro- 

vided with only six pairs of 
appendages and a long, already fully segmented, apodal abdomen. 
In the numerous succeeding larval stages (Fur cilia, C yrtopia) the 
remaining appendages are successively developed. 

Fam My si da?. vulgaris Thumps., M. Jioxuosa O. Fr. Miill., M. inermi* 

Raethl, Northern seas Siriella Ed/rardxii Cls. 
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Fam. Euphausidae. Euphausia xplrndenx Dana, Atl. Ocean. Tlnjwnopoda 
no noe giro Sars. 

Fam. Lophogastridae. Lopliogaxter tgpicnx Sars, Norway. 


(4) Sub-order : Decapoda.* 

Podoph thal mia with large dorsal cephalo-thoracic shield, which is 
usually fused with all the segments of the head and thorax . They 
have three (two) pairs of maxillipeds and ten (twelve) ambulatory 
limbs, some of which are armed with chela\ 

The head and thorax are completely covered by the dorsal carapace, 
the lateral expansions of which cover the basal joints of the maxil- 
lipeds and legs, forming a branchial chamber on either side, in which 
the gills are concealed. Only the last thoracic segment may retain 
its independence and be more or less movable. The shell is pro- 
longed into a frontal spine (the rostrum) between the eyes. The 
firm, calcified integument of the dorsal carapace presents, especially 
in the larger forms, symmetrical prominences caused by the sub- 
jacent internal organs : these may be distinguished as regions and 
named in accordance with the internal organs. 

The abdomen presents considerable differences both of size and 
form throughout the sub-order. In the Macrura it is of considerable 
size, possesses a hard exoskeleton, and, in addition to the live pairs of 
feet of which the anterior are often aborted in the female, is 
provided with a large swimming fin (the telson and the pair of 
large swimming feet of the sixth segment). In the Brachyura the 
abdomen is without a caudal tin and is reduced to a broad (female) 
or a narrow triangular (male) plate, which is bent up against the 
concave sternal surface of the thorax. The abdominal feet also are 
slender and styliform, and in the male are only developed on the two 
anterior segments. 

Appendages. The anterior antenme in the Brachyura are often 
concealed in lateral pits ; they usually arise beneath the movably 
articulated eye-stalks, and consist of a three- jointed basal portion 
bearing two or three multiarticulate flagella. The posterior antennae 

* Herbst. “Versuch eincr Naturgcschichte der Krabben und Krebsc; ’ 3 
Bdc., Berlin, 1782-1804 Leach. •* Malacostiaca podophthalma Britannia?,* 
London 1817 to 1821. Th Bell. “A history of the British stalkeyed Crustacea,” 
London, 1853. 11. Kathkc, •* Untersuchungen iiber die Bildung und Entwiek- 

elung des Flusskrehses,” Leipzig, 1821). Spence Bate, “ On the development 
of Decapod Crustacea,” Phil. Tranx. of the Hoy. Snr., London, 1861). C. Claus, 
‘‘ Zur Kenntniss (ler Malacostrakenlarven,” II tirzb. mttunri#*. Zritxrhr., Tom 
1L, 1861. Fr. Muller, “Die Verwandlung der Garneelen,” Arehtr fur 
Xaturgexch., Tom XIX., 1863. Fr. Muller, “ Fiir Darwin,” Leipzig, 1864. 
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are usually inserted externally and somewhat ventrally to the first 
pair on a flat plate placed in front of the mouth (epistom or oral 
shield) : they frequently possess a scale-like lamellar appendage. At 
their base there is always a protuberance with a pore at its end, 
through which the duct of the antennal gland (green gland) opens. 

The mandibles vary considerably in shape in the different forms, 
but have, as a rule, a two or three-jointed palp, which, however, is 
absent in many prawns ( Candida*). They are either straight and 
strongly toothed on their thickened anterior edge (Brachyura), or 
are slender and much bent ( Crangon ), or else forked at the ends 
( Paltvmonidce and Alpheidce). The anterior maxillae always consist 
of two lamellae and a palp, which is usually simple. The posterior 
maxillse, on which there are usually four lamella 1 (two double 
lamella?) as well as palps, bear a large respiratory plate witli setose 
edges (scaphognathite). These are followed by three pairs of 
maxillipeds, which, as a rule, have a flagellate appendage. There 

remain, therefore, only 
five pairs of thoracic 
appendages for use as 
legs; of these the two 
last are sometimes re- 
duced or may even be 
entirely absent ( Leuci - 
fer) as the result of 
retrogressive changes. 
The thoracic segments 
to which the ambulatory 
legs belong are, as a rule, all or all but the last fused together 
and form on the ventral side a continuous plate, which in all the 
Brachyura is broad. The legs consist of seven joints, which corre- 
spond to those of the Arthrostraca, and frequently end with a chela 
or prehensile hand. 

Development. — The greater number of marine Decapoda leave 
the egg membranes in the zoa?a form ; in Ilomarus , amongst the 
Maci'ura, the metamorphosis is much reduced and the just-liatched 
young possesses all the thoracic legs, which are, however, provided 
with external swimming rami, but it is still without the abdominal 
feet (fig. 372). 

Embryonic development. — III addition to the classical researches 
of Rathke * on the crayfish, more recent works, especially those of 

* Besides Itathke 1. c. and Lereboullet 1. c., and a Russian paper of Bobretzky, 



Fig. 372. -Young form (larva) of the lobstor (after (x. 
O. Sari*). B, rostrum, A\ A'\ antenna* ; K"'. third 
inaxilliped , F' anterior ambulatory leg. 
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Bobretzky (prawns and cray-fish) and iteiolienbach (cray fish) have 
yielded important results. The segmentation seems (in all cases?) 
to be superficial (centrolecithal), that is, to be confined to the 
peripheral yolk (formative yolk). This divides successively into two, 
four, eight, and an increasing number of segmentation cells, while 
the central granular food yolk, which is rich in oil globules, remains 
unsegmented. The young of Astacus , when hatched, resemble the 
adult animal, excepting that the caudal fin is still rudimentary. 

1. — Macrura. 

The abdomen is strongly developed and is at least as long as the 
anterior part of the body ; there are four or five pairs of abdominal 
feet and a broad, well -developed caudal fin. The antennules bear 
two 01* three flagella, the antenna* have one simple flagellum and 
frequently bear a scale at the base. The maxillipeds of the third 
pair are long and pediform and do not completely cover the pre- 
ceding ones. The Zowa larva, when hatched, is elongated and has 
usually three pair of biramous feet. 

Fam. Caridid®. Prawns, body laterally compressed, with a thin shell, which 
is often provided with n median ridge and prolonged into a saw-like frontal 
process. The posterior (external) antenna* are inserted beneath the anterior 
(internal) and have a large scale projecting over the stalk. The long and 
slender anterior pairs of ambulatory legs frequently end in chela*. They live in 
shoals near the coast. Some genera (Pcua*ux) possess a rudimentary swimming 
ramus. Pal anno n xquilla L., Cranyoti culyartx Fabr., Pontouia tyrrhena Eisso. 
lives between the shells of bivalves. Sevyrxtcx atlanticu x Edw. 

Fam. Astacid®. Tolerably large, usually with a hard shell. The ceplialo- 
thorax is slightly compressed, the abdomen flattened. The antenna 1 are attached 
near the antennules, and bear a small or quite reduced scale at their base. The 
flrst pair of ambulatory feet ends with large chela 1 , as do in many cases the 
weaker and smaller second and third pairs. Some soft-skinned forms bury 
themselves in the mud or sand. Axtacux Jturiatilix liond., Crayfish. Jlomanix 
vulgar i* Bel., Lobster. JVcj/lt ropx notnveyieux L., Gcbia Leach., Thaltixxina 
Latr., Gallia tt rum xybtcrranea Mont., buries itself in sand on the sea-shore. 

Fam. Loricata. With very hard, rough armour, and large broad abdomen. 
The antennules end with two short flagella ; all five pairs of ambulatory feet 
with simple claws. The larvie aie described as species of Pit yl lost tout. 
Pali hu run quad vice mix Latr. Sc y Hunts latux. Latr. 

Fam. Galatheid®. With broad, rather large abdomen, and well -developed 
caudal tin. The first pair of logs is chelate, the last is weak and reduced. 
Gala thru xtviyosa L. 

Fam. Hippid®. Ccplialo-thoracic shield long ; end of the abdomen curved. 
The flrst pair of legs usually with a finger-shaped terminal joint ; the last is 

Kiew, 18711, compare H. Itcichenbach. “ Die Embry onalanlagc und crate Ent- 
wickelung des Flusskrebses,” Zritxchr. fiir H7a#. ZooL, Tom XXIX., 1877. 
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weak, llippa t‘ remit a L., lives buried in the sea saud, Brazil. Alhvnea 
symnista Fabr. , Mediterranean. 

Fam. Paguridae. Hermit crabs. Abdomen long, usually covered with a soft 
skin and distorted, with narrow anal fin and rudimentary abdominal feet. 
The first pair of feet ends with powerful chela?, the two last are reduced. Some 
of them seek shelter in empty snail shells, to protect their soft-skinned abdo- 
minal region. Pay ants Bernhard us L., Ccenobitn rttyosa Kdw.. Birgits latro 
Herbst, said to climb palm-trees. 

II. — Braciiyura. 

With pits for the reception of the short internal (anterior) antenna* 
and so-called orbits, i.e., ca\ ities for the reception of the stalked eyes. 
Abdomen short and reduced, without caudal tin, curved round against 
the excavated ventral surface of the thorax ; in the male narrow and 
pointed, with only one, more rarely two pairs of abdominal feet ; in 
the female broad, with four pairs of abdominal feet. In the female 
each oviduct dilates to form a bursa copulatrix. The third pair of 
maxillipeds have broad Hat joints and completely cover the anterior 
mouth parts. The just-hatched Zoita larva? of stout shape, with 
only two pail's of biramous feet and a dorsal spine ; later they assume 
the Meyalopa form. Many Brachyura live on land. 

Fam. Notopoda. Transitional between the Bra eh y tint and Macro ra. The 
two or four posterior thoracic feet are articulated higher up than the four or three 
posteiioi pairs, and shifted on to the back. The first pair of feet has large 
cliche, the last is often modified to swimming feet. Parrel Jana platychclrs 
Penn, Promt a roly a rh J5d\\\, Ltthodcs. Lair. 

Fam. Oxystomata. With rounded cephalo-thorax. The frontal region does 
not project. The buccal frame is triangular. The male genital openings arc on the 
basal joint of the last pair of thoracic legs. Catappa yranulata I,., Ilia nucleus 
Herbst, Mediterranean. 

Fam.Oxyrhyncha. Cephalo-thorax usually triangular, with pi ejecting 
pointed rostrum. There are nine gills on either side. The male genital 
opening is on the basal joint of the last pair of thoracic legs. The thoracic 
ganglia are united into one mass. They do not swim but crawl. Juachus 
Scorpio Fabr.. Maju sqvi/tado Bond.. Pisa a r mat a Latr., Stcnorhy Helens Lam. 

Fam. Cyclometopa. With broad, short cephalo-thorax, rounded anteriorly. 
Without projecting frontal rostrum. There are nine gills on either side. The 
male genital opening is on the basal joint of the last pair of thoracic legs. Some 
of them are good swimmers. Can err pay urn* L., Xantho vivulosus ltisso, 
Mediterranean. Carcintts in re n ax L., Povtunux puher L. 

Fam. Catometopa, Quadrilatera. Cepbalo- thorax quadrilateral. Frontal 
region is curved downw r ards. There are fewer than nine gills. The male 
genital openings usually lie on the sternum. Some of them live for a long 
time away from the watei. Some live in holes in the earth, as land crabs. 
Pinnotheres pitum L., in the shells of Mytilus. P. vetcrum Bose., in the shells 
of P/n/ta ; known to the ancients, who thought that there was a relation of 
mutual jissistance between the crab and the mollusk. Ocypoda cursor Bel., 
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( rdasimn a forceps Latr., Grapswt variux Latr., Gecar cuius rurirola L., Land 
Crabs. Water is retained for n long time in the branchial cavities, owing to the 
presence of secondary spaces around the branchial plates, which arc thus pre- 
vented from sticking together. They live in holes in the earth in the Antilles. 


III.— GIGANTOSTRACA. 

The Xiphosura or PoBcilopoda, represented by the living genus 
Limulu8 and the orders of the fossil Merostomata, may be united 
under this head, as opposed to the Entomostraca and Malacostraca . 

They are principally characterised by the possession of a single 
pair of appendages placed in front of the mouth and innervated from 
the cerebral ganglion, also by the presence of four or five pairs of 
legs, which are placed round the mouth and whose basal joints are 
modified to form large mandible-like masticatory organs. Behind 
the last pair of legs there is a simple or cleft prominence, forming 
a sort of underlip. The region of the body which bears these appen- 
dages is to be considered as an unsegmented ceplialo -thorax ; it is 
shield-shaped and may be drawn out into projecting wing- shaped 
lateral portions. On its upper surface two small median frontal eyes 
as well as two large lateral eyes can be distinguished. Following the 
cephalo-tliorax there is an abdomen, which is usually elongated and 
composed of a greater number of segments. The abdomen tapers 
posteriorly and terminates in a telson, which maybe fiat or drawn 
out into the form of a spine. 

Order 1 . — Merostomata.* 

Gigantostraca with Jive pairs of appendages on the cephalo-thorax 
which is relatively short ; with an elongated apodal abdomen, usually 
composed of twelre segments and ending in a fat or styliform telson. 

The powerful body of the Eurypteridai (included with the Pcecilo- 
poda by Woodward), as the most important family of the Merostomata 
is named after the genus Eurypterus , consists of a cephalo-tlioracic 
shield with median ocelli as w r ell as large projectingmarginal eyes, also 
of an abdomen with numerous (usually twelve) segments which become 
longer posteriorly, and of a caudal shield, which is prolonged into a 
spine. Round the mouth on the underside of the cephalo-thorax 

* Woodward, “ Monograph of the Brit, fossil Crustacea belonging to the 
order of Melostomnta. ,, 1\ 1.. f II., Polmmt. Sot*, of London, 1866-18(59. Wood- 
ward, “ On some points in the structure of the Xiphosura, having reference to 
tlioir relationship with the Kurypteridie,” Quarterly Jo urn. Geol. Soe. of London, 
1867 and 1871. 



480 


CRUSTACEA. 


there are five pairs of long spiny legs, of which the last is much the 
largest and ends in a broad swimming-fin. Some of the anterior 
appendages may be armed with a chela. The resemblance of the true 
Eurypt&'idce (in the general shape of their body) to the Scorpionidce 
is very striking, while the genus Jlemiaspis presents affinities to the 
Ptecilopoda. The most important forms are : Eurypterus pyymccns 
Salt., Devonian strata, Pteryyotus anglicus Ag., four feet long, from 
the upper Silurian (fig. 373). 



Fig. 373. — Eurypfern* remijx* af *,cr Nieszkowski. a, Doryal view , b, ventral view ; O, eyes ; 

St. caudal spine ; H, hypostome. 

Order 2. — Xiphosura.* 

Giyantostraca whose body is divided into three parts , wh ich are 
movably articulated toy ether ; a large shield-shaped cephalo-thorar , an 
abdomen with five pairs of lamellar feet and a long movable caudal spine . 

The large body of these Crustacea is covered with a strong chiti- 

* C. Gegenbaur, “ Anatomische Untersuchung eines Limulus, mit besomlerer 
BeriickRichtigiing dor Gcwcbe,” Abhandl. tier naturfarxch. (rexelhchaft zu 
Ualle , IV., 1858. Packard. “The Development of Limulus Polyphemus,” Soc. 
oj Xat. Jlist , 1870. A. M. Edwards, ** Reclierches sur l’anatomie dcs Limules,” 
Ann. xc. nut. V'* Ser. Tom. XVII.. 1872-1873. [E. II. Lankester, “Limulus 

an Arachnid,” (Juavt. Journ. Mic. Soc.. vol. xxi.] 
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nous armour and is divided into an arched cephalo-thorax and a flat, 

almost hexagonal abdomen, which ends in a movable sword-like 

caudal spine. The cephalo-thorax (tig. 374) forms by far the larger 

part of the body; it bears on its arched dorsal surface two large 

compound eyes, and further forwards, nearer the middle line, two 

smaller simple eyes ; while on its ventral surface there are six pair's 

of appendages, of which the anterior pair 

is slender and may, on account of its (L 

position in front of the mouth, be re- 

garded as a pair of antennae, although it 

ends, like the others, with a chela. The a I 

latter are placed to the right and left 

of the mouth, and their coxal joints serve 

as organs for the mastication of the food. 

At the end of the cephalo-thorax there If 

is a pair of lamellar appendages, which I 

are connected in the middle line and form St ■ 

a kind of operculum for the branchial ap- 1 

pendages of the abdomen. It seems of 1 

interest that the form of this branchial I 

operculum in the Asiatic and American I 

species presents constant differences, in 
that the median portion in the former is B 
undivided, and in the latter consists of 
two joints. The shield-shaped abdomen 
which, by means of a transverse joint, is 
movable on the cephalic shield in a dorso- 
ventral direction, is armed on either side b 
with movable spines, and bears on its ven- 
tral surface five pairs of lamellar feet, 
which are almost completely covered by 
the operculum. These abdominal feet Flo . 374 Lim,,iu. 2oi«ccanu,, 
assist both in swimming and in respira- seen from the dorsal side 

tion, since the respiratory lamellae are camlal spme . hf L . rotundi - 

placed on them (fig. 374, a, b). cauda ( after 

. . seen from the ventral side. A 

I he internal organization attains a re- Antenna? ; b, the feet with 

latively high development in corresi )ondence thoir coxal 3 aws ; <? llls > °p* 

" 0 A A opercul um . 

with the large size of the body. In the 

nervous system the following parts can be distinguished : — a broad 
oesophageal ring, the anterior part of which constitutes the brain 
and gives off the optic nerves, while from the lateral parts the 

31 
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six pairs of nerves to the antennae and legs take their origin; a 
subtvsopliageal ganglionic mass with three transvei se commissures : 
and a double ganglionic cord, which gives off branches to the ventral 
feet and ends with a double ganglion in the abdomen. The alimen- 
tary canal consists of oesophagus, masticatory stoniiicli, and a straight 
intestine communicating with a li\ er and opening by the anus, which 
is placed immediately in front of the base of the caudal spine. 

The heart is elongated and tubular, and is pierced by eight pairs 
of slits, which can be closed with valves; it is also provided with 
arteries, which, after a short course, pass into lacunar blood paths. 
From the base of the gills, two spaces, returning the blood, extend to 
the pericardial sinus. 

Five paii*s of appendages of the abdominal feet function as gills. 

These are composed of a very large 
number of delicate lamella*, hing one 
on another like the leaves of a book. 

Generative organs. The branched 
ovaries unite to form two o\iducts, 
which open by separate openings on 
the under side of the operculum (first 
pair of abdominal limbs) ; in the male 
the openings of the two seminal ducts 
are placed in the same position. In 
the male, the anterior thoracic feet 
end in simple claws. 

Development. It is known that the young leave the egg without 
the caudal spine and often without the three posterior pairs of gill- 
bearing feet. This stage has been suitably named the Tiilobite 
stage, on account of the resemblance which the larva presents to a 
Trilobite (fig. 375). On the cephalic shield there is a median keel- 
like ridge, wdiich is also found on the abdominal segments. The 
last abdominal segment includes between its lateral portions the 
short rudiment of the caudal spine. In the next stage the segmen- 
tation of the abdomen becomes less obvious (the caudal shield 
becomes consolidated) and the caudal spine developed. 

The adult animals reach a length of several feet, and live 
exclusively in the wann seas, in the Indian Archipelago and on the 
east coast of America. They exist at a depth of two to six fathoms 
and move about in the mud by the alternating bending and 
straightening of the cephalic and abdominal shields and the canidal 
spine. Their food consists chiefly of Nereids. They are found in a 



Fi(r 17 —Embryo ot Ltnutlu * in the 
Trilobite stage (after A. Dohm) 
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fossil state, especially in the Sohlenhofen lithographic slate, but also 
in older formations as far back as the Uebergangsgebirge (Cambrian, 
Silurian, etc.) formation. 

Limvlm molucoamtx Latr., East Indies. L. polyphemv* L., East Coast of 
North America. 

TRILOBITA* 

Tn connection with the Merostomata and the Xipriiosura , the 
Trilobites may be considered. Their systematic position cannot as 
yet be defined with certainty. 

They lived only in the most an- 
cient periods of the earth’s his- 
tory, and their fossil remains are 
found in great numbers and are 
excellently preserved; but, un- 
fortunately, the conditions under 
which they were fossilised were 
such that the under .side of the 
body, and, consequently, the 
stincture of the appendages, that 
is the very characters which 
would enable us to decide their 
affinities, remain unknown to 
us. We may probably infer 
from this absence of any trace of 
appendages * in the fossils, that 
the legs were soft and delica te : 
but Burmeister’s conclusion that 

they resembled the legs of the 376.— Dmgram ot Vaimattte* (after 

t> 7 ' 7J j • . i-i. i Pictet) Gl, Glabellum; Sf, great suture 

l hifllO'podOj IS IlOt justineu. (ocular suture); 0, eyes; 6V, separable gena 

The body, which is frequently ' (cheeks) ; Bh, rhachis (tergum) ; PI, pleu- 
p 1 n 1 • , ron ; Pg t pygidium. 

round rolled up, is covered with 

a thick shell, which is divided by two parallel longitudinal furrows 
into an elevated median portion ( rhachis ) and two lateral portions 
( pleura ) : it rarely attains any considerable size. There is an 

* Burmoister, “ Die Organisation der Trilobiten,” etc.. Berlin, 1843. Beyrich, 

Untersucliungen liber Trilobiten,’' Berlin, 1845, 1840. J. Barrande, “ Systeme 

silurien du centre de la Bohdme,” Prague, 1852. 8. W. Salter. “ A monograph 

of the British Trilobites,” London, 1864-186G. 

* Portions of appendages have been recently observed on the ventral surface 
of an Axaphvx (“Notes on some Specimens of Lower Silurian Trilobites,” by 
E. Billings ; also “ Note on the Palpus and other appendages of Asaphus,” etc., 
by H. Woodward, Quart. Jmirn. of the Grolog. Snc .. London, 1870), which arc 
said to jioiiit to the affinity of Trilobites with the Isopod a. 
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anterior arched, semicircular region, which may be regarded as 
head or perhaps as cephalo- thorax, and a number of sharply dis- 
tinct segments, whicli belong partly to the thorax and partly to 
the abdomen and are teiminated by a larger shield-shaped caudal 
portion, the pygidium (fig. 376). 

At the edge of the pygidium, the armour of the upper surface is 
folded round on to the ventral side and leaves only the middle part 
of the latter uncovered. The lateral regions of the head, the 
median part of which especially projects as the “ ylabellum” bear 
usually upon two protuberances large compound facetted eyes, and 
are often prolonged into two very long baekwardly directed spines; 
they are also folded inwards on to the ventral surface. With 
the exception of a plate (hypostoina) comparable to the under-lip 
of ApuSy no trace of mouth parts has been observed for certain on 
the ventral surface of the head. The number of thoracic (trunk) 
segments vaiies considerably, but is tolerably definite for the adults 
of each species. Their lateral portions are likewise folded inwards 
on to the ventral surface, and present variously shaped wing-like 
processes and long pointed spines. 

The Trilobites lived in the sea, probably in shoals in shallow water 
near the coast. Their fossils are amongst the most ancient remains 
of animal life, and are found prihei pally in Bohemia, Russia, Sweden 
etc., in the lowest strata of the Uebergangsgebirge (Cambrian, 
Silurian, etc.) They have been divided into numerous families 
according to the structure of the head (especially of the glabellum), 
the form of the pygidium and the number of segments. The most 
important genera are C al y mene Blumenbachii Brogn ; Olenus yibbosus 
Wahlb., Ellipsocephalus Hoffii Schlotth. 


Class n.— ARACHNIDA. * 


Air-breathing Arthropoda with fused head and thorax , with two 
pairs of jawsy four pairs of ambulatory leys and apodal abdomen . 

The Arachnida include animals of extraordinarily different form. 
The head and thorax are almost invariably fused to form a short 
cepholo-thorax ; but the condition of the abdomen presents very 
great variations. 

* C. A. Walckenacr et P. Gervais, “ Histoire naturellc ties Insectes Apteres,” 
3 Vols.. Parib, 1837-1844. Hahn und Koch, “ Die Aracliniden, getreu naeh 
der Natur abgebildet und beschneben,” Niirnberg, 1831-1849. K. Blanchard, 
“ Organisation du regne animal. Araclinides.” Paris, 1800. 
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In the Spiders (Araneida) the abdomen is swollen and is joined 
to the cephalo- thorax by a short stalk. In the Scorpionidce, on the 
contrary, the long abdomen is joined to the cephalo-tliorax by its 
whole breadth, and is divided into a broad segmented prse-abdomen 
and a narrow, very movable post-abdomen, which is also seg- 
mented. In the Mites ( Acarina ) the abdomen is unsegmented and 
fused with the cephalo- thorax. In the Pentastomida the entire 
body is elongated, linged and vermiform, with four (two pairs of) 
hooks in place of the appendages ; these animals are known as 
Linguatulkla , and might be placed, on account of their parasitism, 
amongst the intestinal worms. 

The marked reduction of the cephalic region, which is without 
true antenna 1 and possesses only two pair of oral appendages, is 
characteristic of the Arachnida. The anterior pair of cephalic 
appendages (chelicene), which are used as jaws, have been regarded 
as modified antenna 1 ; but it is perhaps more natural to regard them 
as morphologically equivalent to the mandibles of Crustaceans and 
Insects. These anterior jaws or chelicerfe are either chelate, in 
which case the claw-like terminal joint can be moved against a 
process of the preceding joint ({Scorpions, many Acarina), or sub- 
clielate, when the last joint is folded down upon the next like the 
blade of a pocket-knife upon the handle (Spiders). 

The chelicera 1 may also have the form of stylets, which are 
enclosed in a tube formed by the second pair of jaws (Mites). The 
latter, which constitute the second pair of appendages of the head or 
the pedipalpi, consist of a stout basal joint and a palp, which has fre- 
quently the form and segmentation of a leg. This either ends with 
or without a claw or with a chela (Scorpions). In the true Spiders 
there is an unpaired plate, the lower lip, between the basal joints of 
the two pedipalpi and belonging to the same segment as the latter. 
The four following pail's of appendages of the thorax are ambulatory 
legs. The first of them is sometimes modified in form and elongated 
like a palp ; its basal joint may function as a jaw. The legs consist 
of six or seven joints, which, in the higher forms, have been called by 
the same names as the analogous regions of the Insect leg. 

The internal organization of the Arachnida shows hardly fewer 
differences than does that of the Crustacea. The nervous system 
may have the form of a common ganglionic mass around the oeso- 
phagus (Mites), and may even possess only a simple commissure 
above the oesophagus ( Pentastomida ). As a rule, ho\vever, there is a 
distinct separation between brain and ventral cord, the latter showing 
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veiy different grades of development. Visceral nerves have heen 
shown to exist in the Spiders and Scorpions. The sense organs are, 
as a rule, not so highly developed as in the Crustacea, and, putting on 
one side the tactile function of the extremities, are confined to eyes. 
The eyes are simple and immovable, and never possess a facetted 
cornea; they are from two to twelve in number, and are sym- 
metrically arranged on the anterior surface of the ceplialo-thoracic 
shield. Auditory organs have not yet been discovered, but there 
are tactile and olfactory organs. 

The alimentary canal runs straight from the mouth to the hind 
end of the body, and is divided into a narrow oesophagus and a wide 
intestine, which is, as a rule, provided witli la teial caca. The intes- 
tine is, in the Spiders and Scorpions, divided into an anterior dilated 
portion — the so-called stomach —and the intestine proper. The 
glandular appendages of the digestive canal are salivary glands ; in 
Spiders and Scorpions, a liver, composed of a number of branched 
canals ; and, with a few exceptions, Malpighian tubes, which function 
as urinary organs and open into the hind end of the intestine. 

The organs of circulation and respiration also show \ ery different 
degrees of development and are only absent in the lowest Mites. 
The heart lies in the alKlomen, and is a long, manv-chambered dorsal 
vessel wuth la tend slits through which the blood enters. It is fre- 
quently continued into an anterior and posterior aorta, and in 
Scorpions gives off in addition lateral branching arteries. The organs 
of respiration are internal air chambers, which have the form either 
of ramified tubes (trachea*), or of hollow lamellae (fan trachea*, lungs) 
placed upon one another in great number like the leaves of a book 
and connected together by trabecula* so as to have the form of a sac. 
The air chambers are always kept open by a firm internal chitinous 
membrane, so that the air can enter by the paired openings ( stig - 
mata) of the trachea* or lungs at the beginning of the abdomen, 
and be distributed to the finest ramifications. The chitinous lining 
may become thickened so as to give rise to a spiral fibre. 

Generative organs. With the exception of the hermaphrodite 
Tardigrada, all the Araclinida are of separate sexes. The males are 
frequently distinguished by external characteristics, as for example 
by their smaller size, by the possession of organs of attachment 
(Mites), or by the modification of certain appendages. Their genera- 
tive organs consist of paired testicular tubes, and the vasa deferentia 
often receive the contents of accessory glands before opening to the 
exterior by a single or double aperture at the base (anterior end) of 
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the abdomen. Special copulatory organs in the region of the genital 
openings are, as a rule, wanting, but appendages far removed from 
the genital openings ( e.g ,, pedipalpi of Spiders) often serve to transfer 
the sperm from the male to the female. The female sexual organs 
are also paired, usually racemose glands, with two oviducts, which 
usually dilate to a receptaculum seminis before their single or double 
opening at the beginning of the abdomen. They are also connected 
with accessory glands. Rarely ( Phalangium ) there is a long pro- 
trusible ovipositor. 

Only a few of the Arachnid a are viviparous (Scorpions and some 
Mites) ; the greater number lay eggs, which they sometimes cany 
about with them in sites till the young are hatched. As p rule, the 
just-hatched young have the form of the adult ; but in most Mites 
two oi- more rarely four legs are wanting, and appear only with the 
succeeding moults. The development of the Pygnogonida Pentas- 
tomida and II gd rack nm (water-mites) (which latter pass through a 
pupa -like inactive stage) consists of a complicated metamorphosis. 

Almost all Arachnida live on animals, a few on vegetable juices. 
The lowest forms are parasitic. The larger and more highly orga- 
nised forms prey on living animals, principally on Insects and Spiders, 
and are usually furnished with poison weapons, with which they kill 
their prey. Many of them, by means of the secretion of spinning 
glands, spin webs, in which their prey becomes entangled. Most of 
them remain during the daytime beneath stones and in hiding-places, 
and come out to catch their prey only in the evening and at night. 

Order 1. LlNGUATUIJDA,* PENTASTOMIDA. 

Parasitic Arachnida with ringed , elongated , vermiform body , with 
two pairs of hooks in the neighbourhoods of the jawless month . 

The vermiform ringed body of these parasites, which were for a 
long time taken for intestinal worms, is to be regarded as being 
principally formed of the extremely enlarged and elongated abdomen, 
the cephalo -thorax being much reduced ; an interpretation which the 
form of the body of the Dermatophili seems to support. In the 
adult, jaws are completely wanting, but there are four curved hooks 
(two on each side of the mouth, fig. 377), which can be protruded 
from pouches in the skin and are attached to special chitinoils rods. 
These may correspond to the terminal claws of the two posterior 
pairs of legs, since the two pairs of legs of the larva, which are to 

* R. Leuckart, “Bau und Entwickelungsgeschichte der Pentastomiden,” 
Leipzig und Heidelberg, I 860 . 
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be regarded as the anterior appendages, are lost in the course of 



development. The nervous system is confined 
to a simple suboesophageal nervous mass, with 
<esopliageal ring and giving off numerous ner- 
vous trunks. Eyes and organs of respiration 
and circulation are wanting. The alimentary 
tract is a simple canal in the middle of the 
body, which opens by an anus at the posterior 
end. Special cutaneous glands are present in 
great numbers and strongly de\ eloped. Male 
and female are distinguished by considerable 
differences in size and by the different position 
of the genital openings. W bile the genital 
opening of the surprisingly small male lies not 
far behind the mouth, that of the female is situ- 
ated near the anus, at the hinder end of the body. 
The Llvynatulida , when sexually adult, in- 
habit the air chambers of warm -blooded animals 
and Amphibia. The developmental history of 
P evta stoma m tcemoides, which lives in the nasal 
cavities and in the frontal sinuses of dogs and 
wolves, is known from the researches of Leuck- 
art. The embryos of this species, while still 


Fig. 377. — T ent axiom om enveloped in the egg-membranes, pass out with 


denticulatum Young the nasal mucus on to plants, and thence into 
foim of P. tamoide ». . 

o, Mouth; Hf ; th« the stomach of liabbits and Hares, more rarely 


four hooks, 2>, >otes- int() tllllt of Man. When freed from the eux- 
tine , A, auus. 

membranes, they pierce the walls of the in- 



Fig. d78. — Young forma of Pentastomum tcsnxoide* (after K Leuckait) a, Plgg with embryo. 
6 t Embryo with two pairs of hooked feet, Mf and Hf ' c. Larva from li\er of labbit 
6r, Ganglion , D, intestine ; Ild t skm glands d, Older larva. O, mouth , A, anus, Od, 
genital glands 
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testine and reach the liver. There they surround themselves with 
a cyst, in which they pass through a series of changes of form, ac- 
companied, as in insect larvae, by repeated ecdyses (fig. 378). When 
six months have elapsed, they have attained a considerable size 
and have acquired the four oral 1 looks, as well as a number of finely 
serrated superficial rings. They have now rejiched the stage formerly 
described as P. clenticulatum (fig. 377), in which they break through 
their capsules and begin a fresh migration. They traverse the liver, 
and if present in great numbers, occasion the death of their host. 
In other cases, on the other hand, they soon become enveloped in 



another cyst. If they now pass with the/ flesh of the Hare or 
Rabbit into the buccal cavity of the Dog, /they penetrate into the 
neighbouring air-chambers, and in two dr three months become 
sexually mature. f 

P( ntastvmum tcrnioidu, Rud., 80-85 mm.. Mile only 18-20 mm. long. P. 
nwlticmcfvm Hail , in the liver of Xaja Itaje. Pi const rirtwm v. Sieb. Encysted 
in the liver of negroes in Egypt. ! 


Order 2. — Acarina,* Mites. 

Arachnida with stout body. The abdomen is wnsegmented and 
• 0. Fr. Muller, “ Hydmclime,” etc., 17 <1. A. L)ug6s, “ Recherches sur 
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fused with the thorax. The oral apparatus is adapted for biting or 
piercing and sucking Respiration , as a riile , bg means of trachea}. 

The body of the A carina is generally small and possesses a 
stout and unsegmented form. The head, thorax, and abdomen are 
fused into a common mass (fig. 37 ( J). The form of the oral 
apparatus varies exceedingly, and may be 'adapted either for biting 
or for piercing and sucking. The chelicera? are accordingly some- 
times retractile style*, and are sometimes furnished with claw* or 
chelae. In the first case, the bases of the pedipalpi form a sheath 
which surrounds the styliform cheliceifc and serves as a suctorial 
rostrum, while the peripheral part of the pedipalpus or palp frequently 

projects laterally, and ends 

§ S in parasitic forms with stalked 

The nervous system is re- 
duced to a common ganglionic 

* A as one or two pairs of simple 

Fig . -jso-Anato 1 ; ,v ? f *<*~ *"» * A1 * eyes, 

ragenstechor). o, r r , dnerticnia of Tlie alimentary canal is 

intestine ; a, anus, . N > 0| s an > Tl > frequently provided with snli- 

inmdU's of trnclicre , si. 4 g vary glands, and gives off on 

either side a number '<^£ J>Hml samdar divertiomV niich may be 
forked (fig. 380). 

Heart and blood vessels are invariably absent, but respiratory 

organs are frequently present in the form of trachea', which arise 

l’ordre des Acariens cn g6nira\ et les families des Tromtmlies, Hydrachnes on 
nart” Ann <!<■* Sr. Aat., 11.8 *er.. Jom. I. and II. H. Nicolct. . “ Histone 
naturclle des Acariens, etc. UrihatideH.” Arch inn, <h, nmner ,1 hint, n„t 
Tom VII O Fnrstenbevg. “Die Xratzmilben des Meuschcn und dcr llnere, 
TiCinziff 1861 A1 Pagenstechei*, “ Beitrage zur Anatomic dor Mil ben,” l. and 
TT iJdnzhr 1860-1861. E. Ha^redc, “ Studicn an Acariden,” ZeiMir.Jur 
whs. M^Tom XVI II., 1868. } P. M^gnin, “Lcs parasites et les maladies 

parasitaiies, 1880. j 


„ a of riode* Jitcn . (after AI. 

. v r ’.ram , &j>D, fei»h\ ai ^ gland , 
Pagensuicher) C, , J > diverticula of 
Dg, ducts ot ftaln ir> * ; 

mtestme ; A, anus , - * J * * 

bundles of trachea? , St. /jp l K mn - 
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in tufts from a pair of stigmata, placed, as a rule, before or* behind 
the last pair of legs (fig. 380, St). 

The common generative opening is placed as a rule far away from 
the anus, and may be situated anteriorly between the last pair of 
legs (fig. 381, a, b). There may be a special copulatory opening, as in 


b 



Fi<*. .< 81 . — a, Male, b, female genital organs of A rga* (after Al. Pagenstecher). T, Testes , 
^ r d, seminal duct, Dr, prostate gland , Go, genital opening , Oi , ovaries, Od, oviduct, 
U, uterus , Dr, glandular appendages. 


the itch-mites ( Sarcoptida ), through which the speim passes into the 
reeeptaeulum. The males are often distinguished not only by their 



appendages, which are more powerful and of a slightly different 
form, but also by the possession of posterior suctorial pits, 
and sometimes also by the manner of nourishment and mode 
of life. The Acarina are, with the exception of the viviparous 
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Oribatidce , oviparous. The young are usually hatched with only 
three pairs of legs, and undergo a metamorphosis, which in 
the Hydraohnidce is distinguished by several larval and pupal 
stages (tig. 382 «, b). Very many Mites are parasitic on animals 
and plants, others are predacious and live some on land and others 
in water. 


! 


Fam. Dermatophili. Small elongated mites with long vermiform, trans- 
versely ringed alidomen, with suctorial proboscis, styliform jaws, and four pairs 
of short, two-jointed stump-like feet. The only known genus. Demode x 
( Simonea ), lives m the hair follicles of domestic animals (Dog, Cat. Sheep, 
Cow, Horse), and as D. folUculomm Sim. in the hair follicles of Man, where 
they may give rise to comedones (fig. 384). 

Fam. Sarcoptid®. Itch mites. Body microscopic in size, stout, and with a soft 
skin, with chitinous rods for the support of the appendages. 

Thefe are no eyes. The oral apparatus consists of a sue- 
torial cone with chelate cheliceraj and short laterally-placed 
pedi palpi. The legs are short and 
stump-shaped, and some or all of 
them have stalked suctorial discs. 

The males often have suckers and 
processes :»t the posterior end of 
the body. The females have a 
special vulva and receptaculum 
seminis. They live upon or in 
the skin of Vertebrates, and occa- 
sion the itch and mange. Sar- 
eoptes scubiei Dug. (fig. 385), itch 
mite. With numerous pointed 
tubercles, spines and hairs on the 
dorsal surface. Legs five-jointed, 
the two anterior terminate with 
stalked sucker ; the last pair of 
legs in the male ends not, as in 
the female, in a bristle, but in a 
stalked sucker (fig. 385). The 
females only bore deep passages 
dois). Ov , Ovaries; A, i n the epidermis, at the end of 
"’hich they live, and produce by 
pair of legs. their pricking the skm disease 

known as the itcli. The young, 
when hatched, possess only three pail's of legs and undergo several moults. 
The domestic animals are infected by different species of Sa reopt id(/\ which 
may be temporarily transferred to man. Dermatod&otes communis Fiirst. Sym- 
biotes equi Girl. (fig. 38(5). 

Fam. Tyroglyphid®. Cheese-mites. Of more elongated form, with conical 
proboscis, chelate chelicerae, and three-jointed pedipalpi. The five-jointed legs 
are tolerably long, and have lobes for attachment and claws. Large suckers, 
especially in the male, are often present at the sides of the anus. They live 
on animal and vegetable matters. Tyroyly pirns giro Gerv. Jthizoylyphus 



Fig. 383. — Female of Phytop- 
png ritit, from the leaf of 
the vine (after H. Lan- 


Fio. 384 — Bemodex 
folhcvlorum (after 
M^gnin), strongly 
magnified ; A?, 

pcdipnlpus. 
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Robinh Clap., on roots. Qhfciphaqv& fcndarnm Guer., on potatoes. Hypopu* 
Dug., according to Megnin and Robin, contains larval forms, winch attach 
themselves to insects by their suckers. 

Fam. Ixodid®. Ticks. Larger usually blood-sucking mites, with strong 
dorsal shield and large, protrusible toothed chelicerae. The pedipalpi are three- 
or four- jointed and club-sliaped; their bases are joined together to form a 




Fin HS6 — So rcopte* neobiei (after Gudden). <r, Male from the ventral side b, Female from 
the ventral Hide, e, Female from the dorsal surface. d, Larva. Kf, Chehcer®; B , 


third pair of legs. 

proboscis, bearing recurved hooks (tig. 387). The slender legs end with two claws. 
Two simple eyes are often present. Respiration by tracheae. The Ticks live on 
the underwood in forests. The females crawl on to Mammalia and Man, sue 
blood, and become much swollen out. The young, when hatched, have t te 
pairs of leg,. In tiopical countries the Ticks arc of considerable size, and are 
amongst the most troublesome jiarasites. 1. codes rteinv ft L. 7. h( tutus, 
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Deg., Ary a* rrflra-vs, Latr., on Pigeons. occasionally on Man. A. perxicv x, 
Fisoh. Notorious for its bite. 

Fam. Gamasidae. Beetle-mites. Chelicene chelate. Pedipalpi five-jointed. 
The legs end with two claws and a sucker. Tracheae are present. Some of 
them lead a free life and are predacious, some are parasitic on Beetles and on 
the skin of Birds and Mammals. Ga masvx cole opt rat ontm L., Derma nyxsux 
a riant. Dug., Pteroptnx re xpert ilionix Herm. 

Fam. Hydrachnidae. Water-mites. Body globular, often brightly-coloured, 
rhelicerae usually with a claw-like terminal joint. They have swimming legs, 
and two or four simple eyes. There art' trachea' The larvae, when hatched, 
adhere with their large suctorial cone to aquatic Insects, on the blood of which 
they live. Ilydrachna omenta , 0. Fr. Mull. Ata.r Jionzi Clap., in the mantle 
cavity of the Uniox. Limnochan x liolosevicenx Latr. 

Fam. Trombidiidee (fig. 388). Body brightly coloured and covered with 
hairs ; the pedipalpus has a claw and a lobe-like appendage. Eves present. 
Respiration by tracheaj. The hexapodous young live as parasites on Insect a 


AB 


Flo. ‘ 380 . — Pygnwjunum l it tortile, 

(i rgne animal) AB , pair of legs 
used tor carrying the eggs. 

Fn. 388. — Tromhuhum holoten- 
ceinu (titter Megiun). 

.and Araehtiida. sometimes on Mammalia , and on Man, in whom they (as L> pins 
antnmnalix') produce a transitory affection of the skin. Trent bid ium holose- 
riot nm L. Eryth rte u x par i et i it u s Herm . Tetranyehm teleariux L. Spinning 
mite. 

Fam. Oribatidae. Chelieerse retractile and chelate. Fedijialpus five-jointed, 
with toothed biting plate on its basal joint. Ocelli absent. Oribatex alatux 
Herm., under moss. 

Fam. Bdellidee. The cephalic region is elongated to form a proboscis, and 
is distinct from the rest of the body. The chelicene are chelate. The pedipalpi 
arc long and thin. The animals creep about on damp ground. Bdella lonyi- 
cornix L. 




PYGNOGONIDA* 

Milne Edwards and Krbyer placed the Pyynogonida among the 
Crustacea ; latterly, however, they have been generally placed between 

* A. Dolirn, “ Die Pantopoden des ftolfes von Neapel und der angrenzenden 
Meeresabschnittc,” Fine Monographic, Leipzig, 1881. 
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the Mites and Spiders amongst the Arachnida , although they possess 
a greater number of appendages than either, inasmuch as the males 
have an accessory pair of legs, used in carrying the eggs (fig. 389, A 
B). They are small animals with a conical suctoiial proboscis and 
rudimentary abdomen (reduced to a tubercle) ; and they live in the 
sea, and crawl slowly about amongst the sea -weeds. There are four 
pairs of very long, many -jointed legs, which contain tubular diver- 
ticula of the stomach and the sexual glands. There are no ti*achefe. 
On the other hand, there is a well-developed heart with an aorta 



Pig 300 . — Amwothca pygnogonouUt (n»gne animal) Da, prolongations of alimentary 
canal into the legs. 

and several lateral ostia. Above the brain lie four small simple 
eyes. There is a considerable ventral chain, composed of several 
ganglia. The eggs are carried about on the accessory pair of legs on 
the thorax of the male (fig. 389) till the larva* are hatched. 

Pygnogonvm littaralr O. Fr. MUller. North Sea. Plwa- i r h i 1 i d i ?/ w Edw., 
Aw moth ra Leach, A. pugnoffonnidt a Quatr. (fig. 390). 

TARDIURADA* 

The Tardigrada constitute a second group, which is often separated 
as a distinct order. They are small inite-like Arachnida , and may 

a * Doyerc, “ Mdmoire Mir les Tardigrades,” Ann. d<s Sr. Nat., ll e Sdr., Tom. 
XIV.. XVI ].,XV11I. C. A. 8. Kehultze, Maciobiotns Hufelandii, etc,”Berolini, 
1834. 0. A. S. Schultze, “ Echiniscus bellermaiini,” Berolinf, 1840. I/ujardin, 
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be defined as hermaphrodite Araclimda with suctorial mouth parts , 
and short stumpy legs , without heart or respiratory organs. 

The body of these small, slow ly-creeping aquatic animals is elon- 
gated and vermiform, and prolonged at the anterior extremity into 
a suctorial tube, from which two styliform jaws can be protruded. 
The four pairs of legs are short tubercles terminated by several 
claws (fig. 391); the last pair is placed at the extreme end of the 
body. The nervous system consists of four ganglia connected by 


g commissures'. The first 
these ganglia corresponds to the 
brain and gives off nerves to two 
simple eyes and to two sensory 
papilhe. Circulatory and respi- 
ratory organs are entirely ab- 
sent. The alimentary canal 
consists of a muscular pharynx 
and a stomach beset with short 
caeca! diverticula. The ducts of 
two salivary glands of consider- 
able size open into the suctorial 
proboscis (fig. 391). The Tardi- 
grada are hermaphrodite, and 
possess a pair of testes and an 
unpaired ovarian sac which open 
together into the cloacal termi- 
nation of the intestine. They 
usually lay large eggs at the 
time of moulting, which remain 
enclosed in the old cast-off skin 
till the young animals are 
hatched. development takes 
place without metamorphosis. 
The animals live in moss and 
algae in the gutters of i*oofs, and 
also on the sea -beach, and it is 
like the Rot if era, they can, by t 
back to life after a long period of 



Fig 301. Macrobtotus Schultz 1 1 (after Gi eoff), 
O, Mouth, Vm, pharynx, atomacli , 
Spd, salivary glands ; Or, ovary ; T, testes , 
Vs , vesicula seminalis. 

specially worthy of remark that, 
he addition of moisture, be called 
desiccation. 


Macrobn*tu.s Hvfrtaiuht H. hell., Milncbium t ardiy radum Doy , Echinisru* 
Rellermannt S. Sell. 


“ Nuv lps Tarchgrndes ct sur une cspece & longs pieds vivant dans 1’eau do mei. 

dei< Sr. nat . S6r. III., Tom XV. Also the works ot Kaufmann, Greeff and 
Max. S. Schultze. 
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Order 3. — Araneida * (Spiders). 


Arachnida with ]X)ison glands in the subchelate chelicera' ; with 
pediform pedipalpi and stalked unsegmented abdomen. They have 
foitr or six spinning mammillae , and two or four pulmonary sacs . 

The peculiar shape of the true spiders is due to the swollen and 
unsegmented abdomen, the base of which is constricted to form the 
stalk by which it is united to the rest of the body (fig. 392). The 
large sul>chelate chelicera*, which project beyond the fiont of the 
head, consist of a powerful basal portion grooved on the inner side, 
and a claw-shaped terminal joint at the point of which the duct of a 
poison gland opens (fig. 393). At the moment of Hit* bite the secie- 
tion of this gland flows into the wound, and in the 




Fig 392 — Dysdern ety- 
thrtna f t om the ventral 
side (if^gne animal) 
.Sy.cheliccra, AY.pedi- 
palptm; JT, banal joint 
(jaw) of pedipalpuH ; 
P, lungfe , St, stigma ot 
lungs ; St’, posterior 
stigma leading into 
the trachea* , G, geni- 
tal opening ; Sp, Spin- 
ning mammillae. 


"MiU-UJVC 

a second pair of stigmata behind 


case of small animals causes an almost instanta- 
neous death. The pedipalpus bears on its broad 
coxal joint, which constitutes a kind of biting- 
blade (fig. 392 A"), a manv- 
jointed palp, the terminal re- 
gion of which is peculiarly 
modified in the male and func- 
tions as a eopulatory organ. 

The mouth is bounded on the 
under side by an unpaired 
plate, forming a sort of lower 
lip. The four pairs of usually 
long legs, wdiose form and size 
vary according to the manner 
of life, end w r itli tw r o toothed 
claws, to which a small claw r (Tk) and several 
accessory claw\s may be added (fig. 394). The 
abdomen in the female is always larger and more 
swollen than in the male ; at the base (anterior 
part) of its ventral surface is placed the unpaired 
sexual opening, at the sides of which are the tw r o 
slit-like apertures of the lung sacs. There is often 


Fig 393 - Poison gland 
unci terminal jomt of 
cheheera of My pale 
(regne animal) JT, 
claw; (id, poiHon- 
gland , B, poison 
v esicle 


♦Besides the works of C. A. Walckcnaei, Treviramis, 0. J. Sundevall, T. 
Thorell. Mengc, Kocli, Duges, Lebert, etc., compare, E. Claparfrle, “ Rcchorches 
sur Involution des Araign^esy CJen&ve, 18G2 : E. riaparede, “ Etudes sur la 
circulation du sang chez les A ranees du genre Lyeose.” G6n&ve, 18G3 ; F. 
Plateau, llecliercbes sui la strurtuic tie l’appareil digestif et sur les ph6no- 
18$£ s de ^ digestion chez les Aranf*es dipneumoncs,*’ Bruxelles, 1877. 
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posterior lung sacs (. Mygalulm ) or into a system of trachea? (Argyro- 
neta , Dysdem). The anus is placed ventrally at the end of the 



abdomen, and is surrounded 
by four or six wart- like pro- 
tuberances (fig. 395, Spw), 
the spinning or axachnidial 
mammilla, from which the 
secretion of the spinning 
glands passes out. In front 



Fig. 395.— Spinning organ of 
Amnurobms ferox (after O. 


Pm. 3!t4, — *, Leg of the fourth pair of Am.umlmn Hermann). <V, Cnhrelhun; 

ferox. Co, OalamiBtrum. b, End of foot of I’btiirtia S ‘ m ’ M>mmng mammilla' 


chrywp* with two claws and pencil consisting ot 
spntulate hairs (S). c, End ot toot ot Epeira 
diadtma, K, wcb-claws; Tk, ambulatory claw, 

Ob, toothed bristles (accessory claws) (after O. 
Hermann) 

of these protuberances there often lies a 
peculiar structure called the cribrellum , 
with a covering of very fine hairs (fig. 
395, Cr). The spinning glands (fig. 396) 
are tubes of various shapes ; the}' open by 
fine pores on the surface of the spinning 
papilla}, and secrete a viscid material, which 
in the air hardens to tt fine thread and 
is woven by the aid of the claws on the 
feet into the well-known spider’s web. 

Nervous system (fig. 367).- Besides the 
brain, with the nerves to the eyes and che- 
licera 1 , there is a single, usually star-shaped 
ganglionic mass in the thorax, from which 
nerves pass to the pedipalpi and legs, and 
also to the abdomen. Visceral nerves have 
also been observed on the alimentary canal. 



Fig. 390.— Lungs (P), spinning 
glands (Sjx?) and generative 
organs (FtZ) of n male Pholcus 
phalangwta (rt^gne animal) 
B , Rectum with Mslpighian 
vessels opening into it. 


As a rule there are eight, oi* more rarely six simple eyes, which 


ai ’S disposed in two curved lines or more in a uuadrate on the 
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dorsal surface of the cephalic region behind the frontal margin. 
Their arrangement is very regular, and is characteristic foi the 
different genera (figs, 398 and 399). 



Fk.. 397. — My gale from tlie ventral 
side, part of the skm is turned aside 
(rfegne animal) K, (Jhelicera : JBg, 
thoracic ganglionic mass; P, F\ 
lungs , F, lamella 1 of the lungs ; 
St, St', stigmata; Ov , ovary, 8u, 
spmmng papilla'. 



Flo. 308. — Anterior part of the cepha- 
t lo-thorax ot My gale with the eyes ( O) 
(regne animal). 



i 

Fk. 390. - Arrange- Fi<«. iOO — Alimentary canal 
ment of the eyes in of Mygalc fiegne animal), 

different Hpiders G, Cerebral ganglion; M«, 

(after Lehert). a, diverticula of stomach ; 

Fpnru , b, Tegenarm ; L, hepatic ducts , N, Mal- 

c, Dolomedns , cf, Sal- pighnin vessels ; JR, rOC- 

ttent. turn 


The alimentary canal (fig. 400) 
begins beneath the upper lip with an 
ascending pharyngeal portion of the 
oesophagus, into which a saccular pha- 
ryngeal gland opens (salivary gland). 
The nairow oesophagus, befoi*e passing 
into the midgut or intestine, is dilated 
to form a suctorial stomach, which is 
furnished with powerful muscles arising 
from the dorsal part of the cephalo- 
thorax. The midgut is divided into 
an anterior part, lying within the 
cephalo thoracic region and provided 
with two anterior and four lateral pairs 


of caeca, and into a narrower abdominal small intestine, into which the 


ducts of the branched hepatic tubes pour their secretion. The latter 
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appeal's to have a digestive function similar to that of the pancreatic 
secretion, inasmuch as it dissolves albumens and transforms amyloid 
substances into sugar. The short rectum receives two branched 
urinary (Malpighian) canals, and dilates in front of the anal opening 
to the form of a vesicle (fig. 400). 



Fk. 101 Heart and vascular trunkb of Lycoha, m with the abdomen, m outline 

lateral and dorbal view (after Claparfrle) P, (after Bertkau) T, Testis ; Yd 

Lungb C, heart ; Ao, aorta , O, eyes. vas deferens ; St. stigma. 


The vascular system is not les«> highly developed (fig. 401 ). The 
blood flows from the pulsating dorsal vessel placed in the abdomen, 
through an anterior aorta into the ce- 


phalo-thorax, and thence into lateral arte- 
ries, supplying the legs, jaws, brain, and 
eyes. The blood returns from these 
organs into the abdomen, bathes the so- 
called lungs, which are composed of 
numerous flattened tubes, and then re- 
turns to the dorsal vessel through three 
pairs of latem] slits. 

The ovaries (fig. 397) are two racemose 
glands surrounded by the liver ; the short 
oviducts unite to form a single vagina, 
which is usually connected with two long 
receptacula seminis and opens on the 
ventral surface of the anterior part of the 
abdomen between the anterior stigmata. 
The testes consist of two long coiled 



Fia. 403.— Terminal part of the 
pedipalpus of Segeatna ( £ ) with 
the receptacle of the epermato- 
phorob (after Bertkau). 


canals with a common terminal duct, which likewise opens at the 
base of the abdomen (fig. 402). 
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The males are distinguished from the females by the smaller size 
of the abdomen. The females are always oviparous, and frequently 
carry their eggs about in special webs ( Theridium , Dolomedes). In 
the male the pedipalpus is modified to form a copula tory organ ; the 
thickened and excavated terminal joint is spoon-shaped, and possesses a 
vesicular copulatorv appendage with a spirally-twisted fibre (fig. 403). 
Before copulation the male fills this appendage with sperm, and at 
the moment of coitus introduces the terminal fibre into the female 
genital opening (fig. 404). Sometimes the two sexes live peacefully 
near each other on neighbouring webs, or even for a time on the 
same web ; in other cases the female, which is the stronger animal, 
lies in wait for the male in the same way as she does for all animals 
weaker than herself, and does not spare him even during or after 
copulation ; the male, therefore, only approaches her with the greatest 
caution. 

Development. 

The segmenta- 
tion of the ovum is 
centrolecithal (fig. 

107). The em- 
bryos possess, in 
addition to the 
thoracic appen- 
dages, the rudi- 

Fic. 404 — Male and female .of ments of abdomi- 
during Copulation na ] f eet w } l i c } l 
(after O. Herman). 

subsequentlyabort 
(fig. 405). The young, when hatched, already possess the form and 
appendages of the adult. They are not, however, sufficiently de- 
veloped before the first moult to spin or to capture prey. It is only 
after the moult that they become capable of performing these 
functions, leave the web of the egg membranes, and begin to spin 
threads and to capture small insects. The threads which we find 
floating in the air in great numbers in autumn and are known as 
gossamer threads are the work of young Spiders, which raise them- 
selves in the air by their means, and pass the winter in sheltered 
places. 

The habits of spiders are so remarkable that they have for a long 
ime excited the interest of observer's. All spiders are predacious, 

1 suck the juices of other insects ; nevertheless, the manner in 

of ca they get possession of their prey varies much, and often 
ducts ol u 




Fit.. 105 - Spider embryo (after 
Balfour). AF t Rudiments of 
abdominal feet 



ABANEIDA. 


503 


indicates the possession of highly-developed instincts. The so-called 
vagrant spiders do not, as a rule, form nets to catch their prey, but 
use the secretion of the spinning glands only to line their hiding- 
places and to make their ovisacs. They catch their prey either by 
running after it (fig. 400, a), or by springing on it (fig. 406, b). 
Other Spiders (fig. 406, c) are indeed able to run quickly, but they 
render the task of catching prey easier by making webs and nets, on 
which they move about with great dexterity, while other animals, 
especially insects, become very easily entangled. The webs them- 
selves are of various kinds, and constructed with more or less skill ; 


Fig. 406. 



Dolomeilp* mrabiho ^ 

d 




Tt gnearia damcsiica 


they are either delicate and thin and formed of irregularly arranged 
threads, or they are of a felt-like quality and extended horizontally ; 
or again, they may have the form of vertically placed wheel-shaped 
nets ; in this case they consist of concentric and radial threads, which 
are arranged with wonderful regularity, the radial threads meeting 
in a central point. Tubular or funnel-shaped hiding-places for the 
spider are often found near the webs. Most spiders rest in the 
daytime, and go out for prey in the dusk or in the night-time. 
Many vagrant spiders, however, hunt in the day-time, even when 
the sun is shining. 
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1. Tetrapneumones. With four lungs and usually with four 
spinning mammilla?. 

Fam. Mygalidse. Large spiders thickly covered with hairs, with four lungs 
and four spinning mammilla 1 , of which two are very small. They do not 
construct true webs, but prepare long tubes in the earth, or line their hiding- 
places (in clefts in trees or in holes in the earth) with a thick web ; they lie in 
wait for their prey (at the entrance of their homes), or they may catch it in the 
open by springing. The claw joints of the cheliccrie are bent downwards. 
J lygale avicularut L., the large Bird Spider of South America, lives in a tubular 
web between stones and in crevices in the bark of trees. Ctcniza rtf mentor ia 
Latr. The trap-door spider in South Europe, lives in tubular holes in the 
earth, the entrance to which is closed with an ojicrculum, as with a soit of 
trap-door. Atypvs Sulzeri Latr., in Central Germany, with six spinning 
mammillae. 

2. Dipneumones. With two lungs and six spinning mammillae. 

Fam. Saltigradre. Springing spiders (fig. 400, If) with a large arched 
cephalo-thorax and eight eyes of unequal size, which are grou]>ed almost in a 
square. The anterior legs with stout femoral joints serve with the following legs 
for making the leaps by which these animals catch their prey. They do not 
construct webs, but spin fine saccular structures in which they remain at night, 
and later on keep guard over their egg-sacs. Saltieux evprevx, form tear in* 
Koch. J/j jrmeclu Latr., in Brazil, resemble ants in form. 

Fam. CitigT&daB *= Lycosidae. Wolf-spiders. With long oval cephalo-tborax, 
which is narrow anteriorly, but is strongly arched. There are eight eyes, which 
are usually arranged in three transverse rows. They run about with their long 
strong legs in pursuit of their prey. J5y (lay they are usually concealed beneath 
stones, in hiding-places, which they line with their webs. The females 
frequently sit on their egg-sacs, or carry them about on the abdomen, and 
usually protect the young for some time after they are hatched. 7 folomedes 
wintbtfi x AValk. (fig. 400, o'). Lycnxa sacrata L., tarantula L.. the Tarantula 
Spider of Spain and Italy. It lives in holes in the ground, and its bite, accord- 
ing to the erroneous popular belief, occasions the dancing madness. 

Fam . Laterigradee = Thomisidae. Crab-spiders. With rounded ecphalo-thorax 
and flattened abdomen. The two anterior pairs of legs are longer than the 
following legs. They only spin isolated threads. They hunt insects beneath 
leaves running sideways and backwards. Micrommata smaragdina Fabr., 
Thomixvx citrevx Geoffr. (fig. 40(5, ft). 

Fam. Tubitelffi. Tube spinners. With six or eight eyes arranged in two 
transverse rows, which are usually curved. The two middle pairs of legs are 
the shortest, the hindermost pair often the longest. They spin for the capture 
of their prey horizontal webs with tubes in which they lie in wait. Tegcnaria 
domestica L. (fig. 40(5, r) (Winkelspinne). Others, as Ayvlcna lahyr'mtlnca 
L., construct funnel-shaped webs or, as Clvhiona It closer ice a L.. saccular recep- 
tacles. Argyroneta aquatica L., water spiders, with longer anterior pair of legs. 
The body has a silvery appearance, owing to the numerous air-bubbles which 
adhere to the hairs with which it is covered. Jt spins a bell -shaped water- 
tight web, which it fills with air like a diving-bell and attaches to water- 
plants. 

Fam. Inaquitel®. Web spinners. With eight unequally large eyes arranged 
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in two transverse rows, and long anterior legs. They construct irregular webs, 
the threads of which cross one another in all directions, and live on their 
webs. Theridivm shy phi inn Clerck., Pholms phalantj hides Walck. 

Fam. Orbitel®. Wheel spinners. Head and thorax separated by a furrow ; 
abdomen swollen to a globular form. The eight eyes are arranged rather 
irregularly in two rows, and the anterior legs are longer than the following legs. 
The legs of the third pair are the shortest. They spin perpendicularly hanging 
wheel-shaped webs with concentric and radial threads, and lie in wait in the 
middle point or in a remote hiding-place, which they surround with a web. 
Epvira dhulemu L., cross spiders. 



Fig. 407 . — Phalangium opiho £ (cornufum) (regne animal) 



Pig. 408. — Male and female generative organs of Phalangium opilio (after Krobn). T, 
Testis ; Vd, vasa defereiitia ; P, penis with accessory glands ; 2£ t retractor muscles , Ov, 
ovary ; l r , uteras ; Op, ovipositor. 

Order 4. — Phalangiida. * 

Arachnida with four pairs of long, slender leys, with chelate chelicerce 
and segmented abdomen joined by its whole breadth to the cephalo- thorax. 
They have no spinning glands , and breathe by trachea}. 

* Meade, “ Monograph of the British species of Phalangiidae,” Ann. of nat. 
hist. 2 d . Ser. XV., 1845. A. Tulk, u Upon the anatomy of Phalangium opilio,” 
Ann. of nat. hist.. XII. A. Krohn, “ Zur naberen Kenntniss der mail nlichen 
Zeuguugsorgane von Phalangium,” Arrhivfur Natnrgesch , 1865. 
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The Phalangiida (fig. 407) resemble the true spiders in their 
genera] appearance, but differ from them by possessing chelate 
chelicera? which are bent downwards, by the form of the abdomen, 
the tracheal respiration, and the absence of spinning glands. The 
Pedipalpi are either filiform or pediform, and are armed with claws. 
The abdomen consists, as a rule, of six or more rarely eight or nine 
segments, and is joined to the cephalo-thorax by its whole breadth. 

The nervous system is divided into a brain and a thoracic 
ganglionic mass, whence arise two visceral nerves which form 
ganglia in their course on either side. There are two or four 
simple eyes. The organs of respiration, which in all cases consist 
of tracheae branching within the body, open by a single pair of 
stigmata, usually ben^ith the coxa of the last pair of legs. The 
heart consists of a long dorsal vessel divided into three chambers. 
The stomach is provided with a number of caeca, of which the last 
extend as far as the anus. The male as well as the female genital 
opening lies between the posterior pair of legs. In the male a long 
tubular copulatorv organ, and in the female a long ovipositor can be 
protruded from the opening (fig. 408). The production of ova as 
well of spermatozoa in the testis, as was observed by Krohn and 
Treviranus in almost all males, is remarkable. 

The Phalangiida usually conceal themselves during the day and go 
out at night to capture prey. The South American species are very 
numerous, and of very strange form. 

Fam. Phalangiida. With characters of the order. PhaUnnjinm opiho L. 
(fig. 407). GonyleptuH horrtdvx Kirb. To this group also belongs Cyphoph- 
thalmvs dvricoriu a Jos., and the genus Gibocelhun Steck. 

Order 5. — Pedipalpi * (Scorpion-Spiders). 

Arachnida of considerable size ; jaws provided, with claws 9 and the 
anterior pair of the leys elongated , resembling antenna \ The abdomen 
has eleven or twelve segments , and is clearly marked off from the rest 
of the body . 

The Scorpion-spiders (fig. 409) are allied both to the Spiders and 
the Scorpions. The abdomen, which is always separated from the 
cephalo-thorax by a constricted portion, is divided into a considerable 
number of segments, but presents no distinction into a broad prte- 
abdomen and a thin styliform post-abdomen as in the Scorpions. 

* H. Luca*?, “ Essai stir une monographic du genre Thelyphonus,’* Magas, 
de Zool., 1835. J. v. d. Hoeven, “ Bijdragen tot de kennis van het geslacht 
Phrynus,” Tydsclir. voor nat. Gexchicd. JX., 1842. 
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In the genus Thely phonics, however, which is most closely allied to 
the Scorpions, the three last segments of the abdomen are narrowed 
to the form of a short tube, the end of which is prolonged into a 
long-jointed appendage. The cheliceree are always provided with 
claws, and probably, as in the spiders, contain a poison gland, since 
the bite of these animals is much feared. The Pedipalpi, on the other 
hand, are sometimes of considerable strength and armed with a claw 
and several spines (. Phrynus ). Sometimes ( Thelyplionus ) they are, 
as in the Scorpions, chelate. The legs of the anterior pair are 
always very long and thin, and end with a flagelliform ringed 
portion. There are eight eyes, of which the two largest are placed 



Pig. 409.— Phrynus reniformis (logiie animal). £7, Tedipalpi , (rb, fiag-elliform anterior leg 

in the middle of the cephalo- thoracic shield, while the three smaller 
pairs are situated on each side behind the frontal margin. They 
breathe by means of four lung sacs, composed of a very large 
number of lamellar tubes. The slit-like openings of the lung sacs 
lie on either side of the posterior margin of the second and third 
abdominal segments. In the structure of the alimentary canal they 
resemble the Scorpions, in that of the nervous system the Spiders. 
The genus Phrynus is viviparous. All the Pedipalpi live in the 
tropics of the Old and New World. 

Fam. Phrynid®. With the characters of the order. Plirynm Oliv. The large 
broad pedipalpi are armed with a number of spines and end with a claw. The 
masticating blades are free. The abdomen is flat and relatively short, and has 
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eleven segments and no jointed anal filament. Ph. re n\ farm is Latr., in Brazil. 
Thehjphonus Latr. The clielicerse are short and end in a chela, their masti- 
cating blades fuse in the middle line. The elongated twelve-ringed abdomen 
with segmented anal filament. T. ant tl at vs Fabr., in Java. 


Order 6 . — Scorpionidea* (Scorpions). 

Araclinida with chelate chelicerce , aiul elongated , pediform chelate 
2 >edipalpi, with a prce-abdomen composed of seven segments, and an 
elongated p>ost-ahdo)nen of six segments, with poison spine at the hind 
end ; with four pairs of lungs . 



Fig. 410. — Cephalo-thorax and prce-abdomen of 
Scorpio africanm (rf'giie animal). E/ t Clieli- 
cera* ; Kt, pedipalpi ; E , poctines ; St, 
stigmata. 


The Scorpions have a cer- 
tain resemblance to the De- 
capod Crustacea in their 
powerful chelate pedipalpi and 
firm armour (fig. 410). The 
stout cepkalo-thorax is joined 
to an elongated abdomen, 
which is divided into a cylin- 
drical praj-abdomen, composed 
of seven segments, and a very 
narrow six-segmented post- 
abdomen, which is curved 
dorsal wards. The post-abdo- 
men ends with a curved poison 
spine, which is provided with 
two poison glands. The cheli- 
cei*£e are three- jointed and 
chelate ; the pedipalpi end 
with a swollen terminal 
chela, while the basal joint 
serves with its broad grinding 
surface as a jaw. The four 
pairs of legs are strongly de- 
veloped and end with double 
claw’s. 


In their internal organization the Scorpions reach the highest 

* I\ Gervais, “ Remarques sur la famille des Scorpions et description de 
plusieurs espdces nouvelles, etc.” Arch, du nmx6e d'hixt. naf., IV. Newport, 
“ On the structure, relations, and development of the nervous and circulatory 
Systems in Myriapoda and macrourous Araclinida,’ ” Phil. Tratix. 1848. 
L. Dufour, “ Histoire anatomique et physiol ogi quo des Scorpions,” Mini, prfat 
a Vaead . dex science x , XIV., 1856. E. Metschnikoff, “ Embiyologie des Scor- 
pions,” Zeitxchr fur n'ixx., Zooh, 1870. 
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grade of all the Arachnida. The nervous system is composed of a 
bilobed brain, a large oval ganglionic mass in the thorax, and seven 
to eight smaller ganglionic swellings in the abdomen, of which the 
last four belong to the post-abdomen. The visceral nervous system 
is represented by a small ganglion, which is placed at the beginning 
of the oesophagus, connected with the brain by fibres and gives off 
nerves to the alimentary canal. The principal organs of sense are 
the simple eyes. Of these there are from three to six pairs, which 
are so distributed that the largest pair is situated on the middle of 
the cephalo-thorax, and the others right and left at the sides of the 
frontal region. 

The alimentary canal is a narrow straight tube, which is sur- 
rounded in the prfe-abdomen by the large multilobed liver, and opens 
on the penultimate ring of the ab- 
domen. Two Malpighian vessels 
function as excretory organs. 

The circulation is the most com- 
plicated in the whole class, but, as 
in the J)ecapoda , special blood si- 
nuses of the body cavity are inserted 
into the vascular system. The 
elongated dorsal -vessel, which is 
divided into eight chambers and 
is attached by alary muscles, is 
surrounded by a pericardial sinus, 
from which it receives the blood F«,. m.— Embryo of a Scorpion (after 



through eight pairs of slit-like open- 
ings, which are capable of being 
closed. From the heart the blood 


E. Metschmkoff). Kf r ChoUcene ; Kt y 
pedipalpi ; JB' to J5" , the four pairs of 
thoracic Ioks. There are rudimentary 
limbs on the abdomen. 


is driven through an anterior and posterior artery, and through 
lateral arteries to the organs. The finer ends of the arteries seem 


to be connected with the commencing veins by capillaries. From 


the veins the blood is collected in a receptacle on the ventral 


surface. Thence the blood passes to the respiratory organs, whence 
it passes by special veins into the pericardial sinus, and so back to 
the heart. Respiration is effected by means of four pairs of lung 
sacs, which open to the exterior by four pairs of stigmata on the 
third to the sixth abdominal segments and are composed of a rela- 
tively small number of flat tubes. 

The male and female generative organs open on the ventral face 
°f the first abdominal segment [the median opening being covered 
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by a small valve-like flap, the genital operculum] ; on the second 
abdominal segment are attached two peculiar comb-shaped structures, 
known as peetines. The latter are probably the remains of the appen- 
dages of the segment, and serve as tactile organs. The males are 
distinguished fi*om the females by their broader chela* and longer 
post-abdomen. 

The females are viviparous. The development of the ovum takes 
place in the ovary, and the embryos have the rudiments of appendages 
on the pra*-abdomen (fig. 411). 

The Scorpions live in warm countries, and leave their hiding-places 
at dusk. When they run, the post -abdomen is bent upwards over 
the back. They seize their prey, principally spiders and large 
insects, with their large chelate pedipalps, and sting them to death 
with their caudal poison-spine. Some species attain a very consider- 
able size, and their sting may even prove fatal to man. 

Fam. Scorpionidae. Scorpio curoprru a Sclir., 
of small size and with only six eyes, in Ttaly. 
Androctonux occitanux Am., j Button* afer L. 

Order 7. — Pseudosg'orpionidea.* 

Arachnida of small size and resembling 
scorpions , but without caudal spine or 
jioison gland. They breathe by means of 
trachea'. 

The Pseudoscorpions are far smaller and 
more simply organised than the scorpions. 
They bear much the same relation to the 
true scorpions that the mites do to the spiders. In their form and 
the structure of their chelicei-ae and chelate pedipalpi they resemble 
the scorpions. On the other hand, the hind end of the segmented 
al>domen does not become narrow so as to form a post-abdomen, 
and is without a caudal spine and poison gland (fig. 412). They 
all possess spinning glands, the openings of which lie near the 
genital openings on the second abdominal ring. They possess only 
two or four ocelli, and respire by means of trachea*, which open by 
two pairs of stigmata on the two first abdominal rings. They live 
beneath the bark of trees, in moss, l>etween the leaves of old books, 

* W. E. Leach, “ On the characters of Scorpionidea with description of the 
British species of Chelifer and Obisium,” Znol. Mixccll. III. A. Menge, ** Ueber 
die Selieerenspinuen,” Xruextc Schriften dvr naturf orach. Gcxcllschaft zn Danzig 
V., 1855. L. Koch. “ Uebersichtliche Laretellung der europ. Chernetiden,” 
Hiirnberg, 1873. 



Fit., 412 . — Obixium trombiihnuh* 
(refine animal). Kt, Pe<li- 
palpus. 
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etc.; they run rapidly laterally and backwards, and live on mites 
and small insects. 

Fam. Chemetidae. Chelifer cancroid is L. Book-scorpion with two eyes. 
Obisium ischnowcles Herm., with tour eyes. (Ivtlumms tromlndioides Latr. 

(fig. ^12). 

Order 8. — SolifuGvE.* 

Spider-like animals with separated head and thorax , with elongated , 
segmented abdomen ; sub-chelate chelicerce and pediform pedipalpi. 
Inspiration is effected by means of trachete. 

The Solifugiv ap- 
proach insects in the 
segmentation of the 
body. The cephalo-tlio- 
rax is divided into two 
regions of which the an- 
terior is comparable to 
the insect head, the pos- 
terior (composed of three 
segments) to the insect 
thorax. The long c\ lin - 
drical abdominal region, 
which is composed of 
nine to ten segments, is 
quite distinct (fig. 413). 

The body is close] \ 

covered with hairs. The 
oral apparatus consists 
of powerful chelicene, 
wdiich end in a large 
vertically placed chela, 
the lower arm of wdiich can be moved perpendicularly against 
the upper. The pedipalpi serve as ambulatory legs, but are with- 
out claw's, wdiich are found only on the three posterior pairs 
of legs. The latter arise from the three free thoracic lings, and 
bear peculiar cutaneous lamella* at their base. The anteiior 
pair of legs belongs to the head and may be considered as a 
second pair of pedipalpi (maxillary palps). The Solifugce pos- 
sess two large projecting simple eyes, and respire like insects by 

* L. Duiour, “ Anatomic, phvsiologie et histone natuielle des Gal^odes,” 
Compten rendus d Vacad. des sciences, XLVI., 185H. Th. H utton, “ Observations 
on the habits of a large species ot Galeodes,’’ - inn and Mag. of I\at. Hist., 
XII., 1843. 



Fro. 413 - Oah ode* aianeoidr* (r£j?ne animal) 
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means of tracheae, which open to the exterior by four slit-like 
openings between the first and second pair of thoracic appendages 
and on the ventral surface of the abdomen. They live in warm, 
sandy localities, especially of the Old World. They are nocturnal 
in their habits, and are feared on account of their bite. 

Fam. Solpugidae. Solpioja (Gal rode*') arancotdcs Pall., found on the steppes 
of the Volga and in South Russia. Other larger species are found in Africa, and 
some forms are known in America. 


Class III- OinrCHOPHORA* (PROTOTRACHEATA). 

Track eata with elongated vermiform body, two ante a nee, and short 
paired imperfectly-jointed legs armed with claws. 



Fig. 414. — Pertpuiu * capoutx (after Moseley). 


The Onychophora, which are represented by the single genus 
Peripatus, have a moderately elongated body, which is provided with 
paired legs (from fourteen to more than tliirty pairs), each armed 
with two small claws (fig. 414). The head is distinct, and bears a 

pair of antenna* and two simple 
eyes. On its under surface the 
mouth is placed beneath a large 
projecting suctorial lip, and is fur- 
nished with a pair of jaws armed 
with chitinous claws. On each side 
of the mouth short, indistinctly 
jointed oral papilla? are attached to 
the sides of the head. The nervous 
system is distinguished by the re- 
markable separation of its two 
halves. The paired cerebral ganglion 
gives off two nerve trunks, which indeed approach each other closely 



Fig. 416. — Head of a Peripatus embryo 
(after Moseley). Ah, Antenna?; K. 
jaws, anterior to which arc the ecto- 
derm thickenings, which will form the 
brain. 


* E. Grube, Ucber den Ban des Peripatus Edward si i,” Muller' h ArcJtiv .♦ 
1863. Moseley, “ On the Stmctu3 , e and Development of Peripatus capensis,” 
Phil. Ti'ans ., 1876. [F. M. Balfour, “ On the Structure and Development of Peri- 
patus Capensis, M Quart. Jovrn. of Mi c. Science, 1883.] 
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beneath the oesophagus, but, soon diverging, remain widely separate 
for the rest of their course. They are without ganglionic swellings ; 
are connected together in their whole length by fine transverse 
commissures, and finally unite w itli each other over the rectum at 
the end of the body (fig. 416). The alimentary canal begins with 
a muscular pharynx, and inns in a straight course. The anus is 
terminal. A dorsal longitudinal vessel probably functions as heart. 


[A pair of elongated unbranched glandular tubes, the salivary 


glands, open into the buccal 
cavity.] Moseley discovered 
a well-developed tracheal 
system, the stigmata of 
which are distributed over 
the whole surface of the 
body. The tracheal tinnks 
are delicate tubes, which 
are distributed upon the 
viscera in fine tufts. Long 
slime glands (considered 
as testes by Grube) open 
on the oral papilla? ; they 
prod u c e a n exceedingly 
sticky fluid, which the ani- 
mal ejects when irritated. 
The Ont/chojihora are, ac- 
cording to Moseley, of 
separate sexes. The ova- 
ries are united to form 
one structure placed in the 
middle line on the dorsal 
side of the intestine, near 
the hind end of the body. 
There are tw r o long ovi- 
ducts, wdiich function as 



Fn. 116 Anatoim of a female Periyatu* (after 
Mosel e>) F, Antenna* , O, brain with the 
ventral netve cords (IV), PA, pharynx D, 


uterus and open by a 


intestine , A , anus , Sd, slime ffland , Oc, 
o\ ai ies , OJ, o-\ iduct , r, uterus. 


common aperture on the 

ventral surface close to the hind end of the body (fig. 416). The 


testes are paired and egg-shaped, and lie towards the hind end 
of the body. The vasa deferentia are coiled and unite to form a 


common duct, which opens at the same place as do the female organs 
(fig 417). The eggs develop in the uterus. 
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[Segmental organs or nephridia, resembling those of Annelids 
are found one pair in each segment. They o|ien externally at the 
base of the legs and internally into the body cavity. The laxly cavity 
is divided into four parts by three >epta — (J) into a dorsal section 
containing the dorsal vessel, (2) a main cent mi division containing 
the alimentary canal, slime glands and generative organs ; and (3) 
two lateral compartments, which arc continued into the legs and con- 
tain the salivary gland*, segmental organs and rentml nerve cords.] 
The animals live in dam]) places beneath decaying wood. [They 

are viwparous; in Periputus Ca- 
pensis the period of gestation is 
eleven or twelve months, the young 
being hoi n in April and May.] 

Fam, Peripatidae. Pi ri pal ns Ed ward- 
mi Blanch.. P. capeiots Gi. 

Class IV. — JOTtlAPODA.* 

Tracheata with sejjarated head 
a ltd unmeroas fairly similar sey- 
meats . They have one pair of an- 
te nine, three pairs of jaws, and 
numerous pairs of leys . 

The Myriapoda of all the Arthro- 
poda present the greatest resem- 
blance to the Annelids, in the serial 

i 

similarity of the segments, in the 
possession of an elongated, some- 
times cylindrical, sometimes flat- 

Fi«. 4i7. Hind end of a male Pen- tened lxxlv, and in the mode of 
patui r (after Moseley). T> Testes; , ; . _ « . - 

Pr f prostate gland , Vd, vasa defer- locomotion. Ill fact, they heal 

entia; Dr, ductus ejacuiatonus ; D, much the same relation to the An- 
rectum , Vv, ventral nerve trunks. 

nelids that the Snakes do to the 
vermiform fishes amongst the Vertebra ta. 

* J. F Brandt, “ Kecueil des me moires relatifs & lordrc dcs Inscctes Myria- 
podes,” St. Petersbourg. 1841. G. Newport. ‘‘On the oigans of reproduction 
and the development of the Myriapoda,” Phil. Trans 1841. Koch. “System 
der Myriaj)oden, Regensburg, 1847. M. Fabre, “Recherches sur l’anatomie des 
organs reproducteurs et sur ddvcloppmcnt des Myriapodes,” Ann. des. Sc. Nat., 
IV. Ser., Tom. TTI. Fr. Meinert, “Panmarks Chilognather,” Nat nr h. Tide- 
skrift , H It., Tom, V. ; and “ Scolopendrer og Lithobier,” Ibid., Tom. V. 1868. 
Latzel, ” Die Myriopoden der osterreicbisch-nngariscben Monarchic” I., “ Die 
Chilopoden, ” Wieii, 1880. Erich Haase, “ Schlesiens Chilopodcn,” Breslau, 
1880, 1881. 
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The head of the Myriapods corresponds closely with that of the 
Insects, and, like the latter, bears a pair of antennae, the eyes, and 
two or in the Oldlopoda three pairs of jaws. The antenna? are 
placed on the frontal region, and are usually filiform or setiform. 
The strongly-toothed mandibles resemble those 
of Insects, and, like the latter, are without palps. 

The maxillae in the Chilognatlia have the form 
of a complicated lobed oral valve (fig. 427 b), 
the parts of which were formerly supposed to 
represent two pairs of maxilhe fused together; 
while in the (Jhilopocla they consist of a single 
blade bearing a short palp (fig. 425). In rare 
cases the mouth parts are transformed into a 
suctorial apparatus (Polt/zottiwa), 

The bod\ is composed of similar and distinctly 
separated segments, the number of which varies 
considerably in different species, but is usually 
constant for the same species. The segments 
bear paired appendages, and a strong dorsal 
and ventral plate (tergum and sternum) may 
often be distinguished. Although the segments 
of the body are so much alike that it is impos- 
sible to fix a limit between thorax and abdomen, fh.. hr. — Scofopendra 
still certain features of the internal organisation, momtann. 

especially the fusion of the three first ganglia of the ventral chain, 
show that u e must regard the three anterior body segments at least 
of the C liilogrmtha as constituting a thorax. In the Cldlognatha 
a single pair of legs is attached to each of the first three to five body 
segments ; each of the following segments, on the other hand, bears 




Fig 419 —Iulti'tftrretfru (after C. L Koch). 

almost invariably two pairs, so that they may be regarded as double 
segments, formed by the fusion of two somites. The legs may be 
attached to the sides of the somites ( Ghilopoda ), or nearer the middle 
line of the ventral surface ( Chilognatlia ), and are usually short with 
from six to seven joints, and terminate with claws (figs. 418 and 419). 
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Insects. The nervous system is distinguished by the great elongation 
of the ventral ganglionic cord, which runs along the whole length 
of the body and is swollen in each segment to form a ganglion. 
According to Newport, there is a system of paired and unpaired 
visceral nerves, like those of Insects. Eyes are only rarely wanting, 
and are usually present as ocelli which are sometimes closely packed 
together, or rarely ( Scntigera ) as peculiarly-formed facetted eyes. 

The alimentary canal, with rare exceptions (Glomeris), takes a 
straight course through the entire length of the body, and opens by, 
the anus in the last segment. The following *]>arts can be distin- 
guished : — a narrow oesophagus 

a beginning with the buccal earit) 

and, as in Insects, receiving the 

contents of tw r o to six tubular 

salivan glands: a wide, very 

long mespntpron, the surface of 

which is closely beset with short 

hepatic tubes projecting into 

the body cavity ; a him! gat, 

i which reaches two or four Mai- 

fir ^ pigliian tubules, tlie latter being 

j / I ] coiled round the intestine ; and 

II / I finally a short and wide rectum. 

< ) The central organ of the cir- 

dilation is a long pulsating dor- 

' sal vesse ^ which extends through 

all the segments of the body (fig. 

Fig 420.— Head and antenor segments 420). It is divided into a great 

of Scolyendra (after Newport) 6' number 0 f chambers, which COl- 
bram ; 0, eyes ; A, antenna? , Kf, m» v- 7 

libpod (poison-claw) , c, heart M, respond to the segmentation and, 

alary muscles of the heart, A > , arteries ^ ^cohpeudra, are attached to 

the dorsal wall by alary muscles to the right and left (fig. 420, M). 
The blood passes from the body cavity through lateral paired slits 
into the chambers of the heart, and is thence driven, partly through 
paired lateral arteries and partly through an anterior cephalic aoi*ta 
w T hich divides into three branches, to the organs of the body rarity, 
from which a blood sinus, embracing the ventral ganglionic cliain, 
is separated off. 

All Myriapods breathe by means of tracheae. These, as in Insects, 
receive the air from the exterior through paired slits, which are 
found in almost every segment (sometimes beneath the basal joints 
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of the limbs, sometimes in the 
connecting membranes be- 
tween the sterna and terga) ; 
and they give off bunches of 
trachea?, which branch and are 
distributed to all the organs. 

Generative organs. — Th e 
Mijriapoda are dioecious. The 
ovaries and testes usually have 
the form of long unpaired 
tubes, while their ducts are 
often paired and are always 
connected with accessory 
glands, and in the female are 
sometimes provided with a 
double reeeptaculum seminis 
(lig. 421). The genital open- 
ings lie on either side on the 
coxal joints of the second pair 
of legs, or behind this pair of 
appendages ( Chiloynatha ), or, 
as in the V hilopoda , there is 
an unpaired genital opening 
at the posterior end of the 
body (tig. 422). 

In the male sex amongst 
the Chilognntha there are 
often external copulatory or- 
gans* on the 7th segment, 
remote from the genital open- 
ings. These become full of 
sperm before copulation, and 
during the coitus introduce it 
into the female genital open- 
ing. 

Development. — The fe- 
males are usually larger 
than the males, and lay 

* Besides Fabre l.c., compare 
Voges, “Beitriige zur Kenntniss 
der Juliden,” Zeitschr. fur whs*, 
tool., Tom XXXI., 1878. 




Fig. 421. —Generative organs of Glomeris 
marginal a (after Fabre). T t Testis ; Oo % 
ovanet-j Oil , Oviduct. 




Fig. 422.— Generative organs of Scolopendra com- 
planata (after Fabre). T, Testis; Vd t vas 
deferens ; Dr, accessory glands ; Sb, loop of 
the vesicula seminalis ; Ov, ovary. 
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their eggs in earth. The just-hatched young often pass through 
a metamorphosis, having at first only three or seven pairs of 
legs in addition to the antenna?, and a few somites without limbs 
(fig. 423). The young animals undergo numerous moults, and 



Fig. 423. — Embryo of Strongylosoma (aftei E. 
Metsehnikoff ) . 

resemblance to the sexual animal is 
cases ( Scolopenclrct , Oeophilidte) the 
full number of appendages. 


gradually increase in size; the 
extremities sprout out on the 
somites, which are already 
present. New somites are 
constricted off from the termi- 
nal one until the full number 
is completed; the number of 
ocelli and of the joints of the 
antenna? is increased, and the 
gradually perfected. In other 
embryo already possesses the 


Order 1. — Chilocoda.* 

Myriapoda of usually flattened form, with long many-jointed 
antenna * , and mouth pcn'ts adajjfed for predatory habits, with why one 
pair of appendages to each segment. 

The l)ody is long and usual h flat- 
tened. The chitinous exoskeleton 
is hardened on the dorsal and ven- 
tral surface of each somite, consti- 
tuting the tergal and sternal plates, 
while on the sides of the somites it 
remains soft. In certain forms 
some of the terga develoj) to huge 
shields, which over-lap the smaller 
terga of the intermediate somites 
(fig. 424). The number of legs is 
never greater than that of the sepa- 
rate segments, a single pair only 
being developed on each segment. 
The antenna* are long and many- 

Fi(.. 421 forficatu. (after C. j° illted > an<1 HI ' e i,1Swted Sawatll the 
L. Koch). Kf , Powon ciaw&. frontal margin. The eyes are simple 

or aggregated ocelli, except in the genus Scutigera which has facetted ' 

* Newport, “Monograph of the Class Myriapoda, order Cliilopoda,” Linncean 
Transactions, XIX. 
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eyes. There are always two pairs of jaws (fig. 425) ; the mandibles 
(Md) and one pair of maxillae (Mx'), the latter bearing a short palp. 
In addition, the first pair of (thoracic) legs (MS') forms a kind of 
underlip which often bears two long palps. The next pair of legs 
always approaches the head 
as a kind of maxilliped, and 
forms by the growing together 
of its basal parts a consider- 
able median plate, on the 
right and left of which great 
four-jointed poison claws ( Mf) 
project. The remaining ap- 
pendages arise from the sides 
of the body segments, the last 
pair being frequently elon- 
gated so as to project back- 
wards far behind the last seg- 





ment. ^ ss# ' 

The generative organs open 
by a single aperture at the 
hind end of the both . There is 
no male copulatorv apparatus. 

The young, when hatched, 
have seven pairs ( Lithohius ) 
or the entire number of appen- 
da ges (Scolopnulra). The 
Chilopoda feed entirety on 
animals, which they bite vith 
the poison claw s ami kill by the secretion of the poison gland 
which flows into the wound. Certain tropical species of large size 
are able to inflict wounds which are dangerous even to man. 


I'k, 425.— Oral appaiatufe of Scot opt ndra mnhrt 
(after Stem) Ob, Upper* Up , Md, mandibles , 
Mi , maxilla , Mx >, fiist pan of legs or second 
maxilla* , Mf, poison claws (maxilliped), 
Ta, pulp 



Fm. 428.— Mouth parts of Grophiln * 
(Cams, leone*) A’, Maxilla*, Mf, 
maxilliped. 


Pam. Scolopendrid®. Antenn<e lorn? 
and thin with a relatively small number 
of joints, only a fen ocelli. The seg- 
ments of the body aie sometimes equal, 
sometimes unequal Srolopt ndrn (with 
nine pairs of stigmata) gigantm L., 
found in the East Indies. Sr. 
tans , from South Europe. Orophdvs 
wbterranev*. elrctrlcius L. 

Fam. Lithobiid®. With long, many- 
antenn© and numeious ocelli, 
and partially ovei-lap those of 


jointed 

Some of the terga are greatly developed, 
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the intermediate segments. Lithobiwt forjieatu * L., with fifteen pairs of 
legs. 

Fam. Scutigerid®. The antennaj are at least as long as the body. The legs 
arc long, their length increasing from before backwards. Facetted eyes instead 
of ocelli. With a small number of free terga. Sr nth/ era evleoptrata L., South 
Germany and Italy. 


Order 2. — Chilognatha. 


The shape of the body is cylindrical or subcylindrical . There is a 
fourdobed plate behind the mandibles , and two pairs of leys on each 
segment (the anterior segments excepted). The genital openings are 
on the coxal joint of the second pair of legs. 

The hotly of the ('hiloynatha is, as a rule, cylindrical or sub- 
cylindrical. The segments have the form of complete lings, or are 
provided with special dorsal plates. In many eases (Jididw) the 
body is much elongated ; in others ( Olomeris ) it is short, like that of 
a wood-louse (fig. 427). The antenna* are short, and consist only 
a of seven joints, 



of which the last 
may abort. The 
mandibles are 
provided with 
broad masticating 


fio. 427 - a t Glom< n* mnrgmata (after (*. I. Koch), b, ttJ 

(interior 1»ucch1 plate) ot Jnln« tt rr<*tn#. 


surfaces, which 
serve to crush the 


vegetable matters on wdiich the animals feed, and with an upper 
movahly articulated pointed tooth. The maxilla* are united so as to 
form an inferior buccal plate, the sides of w T hich hear tw o rudimentary 
hook-shaped blades (fig. 427, b), wdiile the middle portion appears 
to represent the underlip. The eyes, which as a rule consist of 
aggregated simple eyes, are situated above and external to the 
antenna*. The anterior thoracic legs are as a rule directed forwards 
towards the mouth. The three thoracic segments, and sometimes 
the next twro or three segments, bear a single pair of legs. All the 
others, except the seventh in the male, hear two pairs. Stigmata are 
present in all the segments, and are more or less hidden beneath the 
coxal joints of the limbs. The low s of pores (foramina repniynatoria) 
on either side of the back, which are often taken for rows of 
stigmata, are the openings of cutaneous glands, and secrete a cor- 
roding fluid for the protection of the animal. The generative organs 
open on the coxal joint of the second pair of legs, and in the male 
sex there is also a paired copulatory organ present on the seventh 
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segment of the body, at some distance from the genital openings. 
In Glomeris , this copulatory organ seems to be replaced by two 
accessory pairs of appendages on the anal segment. The young 
possess at first only three pairs of legs, and the metamorphosis would 
therefore seem to be more complete than in the Cliilopods. 

The Ohilognatha live in damp places, beneath stones on the 
ground, and feed on vegetable and dead animal matters. Many of 
them roll themselves up into a ball like the woodlice or into a spiral. 

Fam. Polysonid®. With small head and subcylindrical body which can be 
rolled ii]) into a spiral, and suctorial mouth parts. Pol yzonivm §ermaninnn 
Brdt. 

Fam. Julid®. The head is large and free. The eyes are mostly aggregated 
together ; with cylindrical body, \ihich can be rolled up in a spiral : without 
broad dorsal plates. The limbs meet together m the middle ventral line. 
Julvx Rahul o * ur L. 

Fam. Polydesmid®. With large free head and laterally extended dorsal 
plates. The number of somites is small. Ptd t/dcxinux vomplanatu r Deg., 
Pvhj.vvuuR lay u ni x I... with twelve pairs of legs. PavropUR Huxlct/i Lubb. 

Fam. Glomerid®. The body is short and broad, and can be rolled up into a 
ball. There arc only twelve to thirteen segments, which possess dorsal plates. 
The last ring of the body is shield-like. They remind one of the genus 
Armadillo, (llomrrtx m ary hut t a Leach., with seventeen pairs of legs ; in the 
male there are in addition two pairs of genital appendages at the hindo-end 
of the body. Spit wroth erium ( hot y a turn Brdt. 


Class V. — HEXAPODA *= INSECTA. 


Trachea fa with two 
antenmv. on the head , 
and with three pairs 
of leys arid usually 
two pairs of wings 
on the thorax , which 
latter is composed of 
three segments; the 
abdomen has nine or 
ten segments . 



Fig. 42ft.— Head, thorax and abdomen of an Acrid turn seen 
from the side. fit, Stigmata ; T, tympanic organ. 


* J. Swammerdam, ‘* Historia lnscctorum generalis,” Utrecht, i009. J. 
Swammerdam, Bijbel dor natuure,'’ 1737-1738. Reaumur, “ Memoires pour 
servir & l’histoire des Insectes,’’ 12 vols.. Paris. 1734-1742. Oh. Bonnet, 
’* Traits dTiiscctologie.** 2 vols., Baris, 1740. A. Rosel von Rosenhof, * ln- 
RectenMustigungen,” NUrnberg, 1740 to 1701. Ch.de Geer, “ Memoires pour 
servir & l’histoire des Inscctes,” 8 vols., 1752 to 1770. H. Bnrmeister, “ Hand- 
bueh der Bntomologie,” Halle, 1832. 
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The separation of the body into the three regions known as head, 
thorax and abdomen is more distinctly marked in Insects than in 
any other of the Articulata . The number of somites and appendages 
appears to be constant ; the head, with its four pairs of appendages, 
being composed of four segments, the thorax of three, the abdomen 
usually of nine or ten (eleven) ( Orthxyptera ) (fig. 428). The anterior 
abdominal segment, however, not unfrequently takes part in the 
formation of the thorax. 

The head, which is al- 
most always sharply 
marked off from the tho- 
rax, is formed of an unseg- 
mented capsule, in which 
different regions may be 
distinguished. These re- 
gions have been named, 
face, forehead, cheeks, 
throat, skull, etc. after the 
parts of the Vertebrate 
head. The upper side of 
the head bears the eyes 
laterally, and the antenna 1 , 
while on the under part 
the three pairs of oral 
appendages are inserted 
round the mouth. The 
anterior appendages, the 
antenna^, are in Insects 
formed of a simple row 
of segments, but vary 
much in form and size. 
They usually arise from 
the frontal region, and 
serve not only as tactile 
organs, but also as or- 
gans of smell. We can 
distinguish between regular antennae (where all the joints are alike) 
and irregular antenna? (fig. 429). The first may be bristle-like, 
filiform, moniliform, dentate, or pectinate; the irregular antennae, 
in which the second joint and terminal joints are especially 
liable to modification, are most frequently club-shaped, knobbed, 




Fit.. 429.— Different forms of anteimie (after Bur* 
ineister). a, Bristle-like Antenna of Loam fa , b, 
filiform antenna of Carahn*; c, moniliform antenna 
of Tenebrio ; d, dentate of Water ; e, pectinate 
antenna of Cteniccra :f, crooked antenna of Apia ; 
g, club-shaped of Silpha ; h, knobbed of Nea'o- 
phortt* ; i, lamellated of Melolontha ; A, antenna 
with bristle from Sargu*. 
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lobed, or crooked. In the last case the first or second joint is elon- 
gated forming the shaft, to which the distal and shorter joints are 
attached at an angle as the flagellum (Ajris). 

The following structures enter into the formation of the mouth 
parts : — the upper lip ( labrum ), the upper jaws ( mandibles ), the first 
pair of maxilla? or lower jaws, the second pair of maxilla* or lower 
lip (labium). The upper lip is a plate, which is usually movably 
articulated to the cephalic shield and covers the mouth from above. 
Beneath the upper lip to the right and left are the mandibles or upper 
jaws, in the form of two jxdpless luting plates : they are unjointed, 
and therefore more powerful ns masticatory organs. The first pair 
of maxilla* or lower jaws have a more complicated structure. They 
are composed of 
se\eral joints 
and are, there- 
fore, adapted for 
less powerful but 
more varied mo\ e- 
ments in aid of 
the masticatory 
process. 

The maxilla* of 
the first pair (fig. ^ r f i 
430) are made up 
of the follow ing 

parts : — a short x „ , 

, . . rjf, 4vii) — Mouth pints of a Jilntta (aftei Smarm) «, HcbcI 

basal JOlIlt ( curdo , foeeu horn the fiont 0< , ocelli, Mxt , maxiilmy palp, Lf, 

C) a Ion O'er se- labial palp l pper lip (labium, Lr) c, Mandible (Md). 

m ^ ’ a, 1st ma villa C L ardo , St, stipes , L tn, lobus lutemun , 

COlld joint or x ^ Lobus exteinus i, 2nd maxilla* 01 labium (lower 

shaft (stipes, tit) lip), cleai lj competed ot two hah es 

with an external scale (squama palpigera), to wliicli is attached 
a many-jointed palp (palpus maxillaris, Mxt.), Two blades, an 
internal and external, are attached to the distal end of the second 
joint [and know'll respectively as lacinia and galea] (lobus externa s, 
interims, L. in, L. ex). The maxilla? of the second pair arise from 
the throat, and are partially fused together across the middle line 
so as to form the unpaired lower lip or labivm. It is rarely the case 
that all the parts of the first maxilla? are discernible in the labium, 
the fusion being generally accompanied by the reduction and dis- 
appearance of certain parts. There are, liowrever, cases in which 
all the elements of the first maxilbc can be shown to exist (Orthop- 
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tera , fig. 430). While the labium is usually reduced to a simple 
plate with two lateral palps (jpalpi labiales ), in the Orthoptera we can 
distinguish a proximal piece {sub mentum), fixed to the throat, from 
a second piece, bearing the two palps ( mentum ), at the point of 
which there is a piece, the tongue ( glossa ) (fig. 430, e, L. in), 
and sometimes secondary pieces, the paraglossie (X. ex). The sub- 
inentuin evidently corresponds to the fused basal joints (cardo), 
the mentum to the fused shafts (stipes), the simple or bifid glossa 
to the lobus internus, and the para glossa? to the lobus extemus of the 
first maxillae. Median projections on the internal surface of the 
upper and lower lips are distinguished as epipharynx and hypo - 
pharynx r espectively. 

The above description refers to insects 
which gnaw or bite their food. When the 
food is fluid, the mouth parts, either in 
whole or part, become so remarkably modi- 
fied that it required the penetration of 
Savigny to establish their morphological 
relations. The biting mouth parts found 
in the orders of the Coleoptera , the 
Xeuroptera and the Orthoptera are most 
nearly allied to the mouth parts of the 
H yniauoptera, which may be described as 
a licking apparatus (fig. 431). The upper 
lip and mandibles agree with those of the 
biting apparatus, but the maxilke and la- 
bium are more or* less elongated and modi- 
fied, to admit of licking and sucking up 
fluids. 

Mouth parts adapted for sucking are 
found in the Lepidoptera, where the first 
maxilla* are united to form a sucking tube, 
while the other parts are more or less 
aborted (fig. 432). Finally the piercing mouth parts of the 
Diptera and Rhynchota also possess a sucking apparatus, w T hich is 
usually formed of the labium ; but there are also styliform wea- 
pons, by means of which access is gained to the nourishing fluid, 
which is to be sucked up (figs. 433, 434). These weapons may be 
formed by the mandibles, and also by the maxilla?, and even the 
hypopharynx and epipharynx may be used, undergoing numerous 
modifications. Since the piercing part of the apparatus may be 



Fk.. 431. — Mouth parts of 
Anthophora relit *a (after 
Newport) A, Antenna ; 
Or, ocelli ; Md, niHUclibles ; 
Ms, maxilla 1 ; M&t, max- 
illary palp ; Lt , labial 
l>alp ; Gl, glossa ; Pg , 
paruglosfeffi. 
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totally aborted, or, at any rate, become functionless, it is obvious 



maxilla (first) , Lt , labial palp, cut a win 

that no sharp line can be drawn between 
the piercing and sucking fornix of oral 
apparatus (tig. 434). 

The next principal region of the body 
in Insects is the thorax, which is con- 
nected with the head by a slender neck. 
It consists of three segments, and bears 
three pairs of legs and usually two pairs 
of wings on the dorsal surface. These 
three segments, the ]rrothorax, the meso- 
thorax and the metathorax are rarely 
simple horny rings, but are usually com- 
posed of several parts united by sutures. 
In each segment a dorsal plate, lateral 
regions and a ventral plate can be dis- 
tinguished. These may be termed notum, 
•pleura and sternum respectively, and 
they may further be described, according 
to the segments in which they occur, as 
pro-, meso - and met a -not urn, and pro-, 
mesa-, and meta-stenmm. The lateral 
regions are divided into an anterior piece 
( epistemum ) and a posterior (epimemnn). 



Ne)nt cinereu (after Sa- 
vigny) VI, Lower lip 
(labium) or rostrum ; Lr, 
upper lip , Md, mandible ; 
Mr, maxilla (ftrs«t) 



Fu.. 434. — Mouth parts of Culex 
memoroeu * (after Becher). 
Lbr , Upper lip ; Lb, lower lip 
(proboscis) ; Lt, labial palp ; 
Md, mandibles, Mx, maxillte 
(first); H. hypo"*"™"*'™*™' 
mg weapon) 
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while on the mesonotum there is a median triangular plate (the 
scnteUum), and on the metanotum there is not rarely a similar but 
smaller shield (the j^ostscutellam ). The manner in which the three 
regions of the thorax are connected with one another varies in the 
different orders. In the Cohoptera , Xeuroptera , Orthoptera and in 
many Rhyncliota , the pro-thorax is freely movable, while in all other 
cases it is a relatively small ring and is fused with the following 
segments. 

The three pairs of legs are articulated in excavations of the 
ohitinous integument of the ventral surface between the sterna 
and pleura. The number and size of the joints of the legs seem 



Fig. 435. — Different foiro rl ogs (regne animal) a, ManU* with predatory leg; b, leg of 
Caralu* ubed m running; c , ni Acrtdium used m springing; c /, of Gryllotalpa used 
m digging; e, swimming leg ot Dgtucua. 

more constant in the Insecta than in any other group of the Arth- 
ropoda, so that it is possible to distinguish five regions (tig. 435). 
The basal joint (coxa), which is either spherical or cylindrical, is 
articulated to the thorax and permits of free movement of the limb. 
The coxa is followed by a second very short ring, constituting the 
trochanter , which is sometimes divided into two parts or in other 
cases is fused with the next joint. The third joint, which is con- 
spicuous on account of its size and strength, is the long femur. The 
next joint is the likewise Jong but slender tibia, which is armed at 
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the point with movable spines. Finally the last joint, or tarsus , is 
less movably articulated. It is simple only in rare cases ; generally 
it is composed of a number of joints (usually live), of which the 
last is terminated by movable claws, and sometimes also by lobed 
appendages. 

Of course the special form of the legs varies according to the mode 
of locomotion and the special needs of each insect. Legs adapted 
for running, walking, burrowing, leaping, prehension can be dis- 
tinguished (fig. 435). The anterior pair only is used for predatory 
purposes, and in such a leg the tibia and tarsus are bent backward 
against the femur in the same way that the blade of a pocket-knife 
folds back against its handle ( Mantis , Nepa). The legs used in 
springing are the posterior pair (Acridhim), and they are cliarac- 
terised by the powerful femur. Those used in digging are usually 
the anterior pair, and they may be recognised by the broad, shovel- 
like tibia (Grt/llotatya). In the swimming legs all the parts are flat, 
and closely beset with long swimming hairs (JVaucoris). The legs 
used in walking may be 
distinguished from the 
ordinary running legs 
by the broad liairv lower 
surface of the tarsus 
(Lamia). 

Wings are only 
found in the fully de- 
veloped, sexually adult 
animals, which are re- 
latively rarely without 
them . Th ey are attached 
to the dorsal surface of the meso- and mcta- thorax, being articulated 
between the notum and pleura. The anterior wings are attached to 
the meso-thorax, and the posterior wings to the meta-thorax. As 
regards their form and structure they are thin, superficially expanded 
plates, consisting of two membranes firmly adhering to one another 
and continuously connected at the edges. They are usually delicate 
and transparent, and are traversed by various strongly chitinised 
bands, the nervures or veins or ribs (fig. 436). 

These nervures, which have a very definite and systematically 
important course, consist of canals, placed between the two layers of 
the wing, surrounded by chitin and containing blood , nerves and 
especially tracheae , the distribution of which corresponds with the 



Fig. 186. —Wing of Tqtula (after Fr. Brauer). H, Sub- 
costa; 1, first longitudinal nervure (costa mediana) ; 
2, radial rib (radius or Hector), 8, cubital rib; 4, dis- 
coidal nb (or cubitus anticue); 5, submednin (or cubitus 
posticus) , G, anal rib (or postcoeta) ; 7, axillar nb ; JK, 
marginal cell ; V , submargmal cell. 2>, discoidal cell ; 
I — V , posterior marginal cells ; VB, antenor basal 
cell , IIB, posterior basal celt; AZ, anal cell. 
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course of the nervures. The nervures, therefore, always start from 
the root of the wing as two or three principal stems, and distribute 
their blanches more especially to the upper half. The first (fig. 436) 
of the main trunks which runs beneath the upper margin of the 
wing is called the costa , and often ends in a horny dilatation. Be- 
neath the costa there is a second main stem, the radius , and behind 
this a third, the cubitus, which rarely remains simple, but usually 
bifurcates before the middle of its course into branches, which are 
often further divided so that a more or less complicated network is 
formed in the upper half of the w ing. The spaces of this network 
may be distinguished as marginal spaces or radial cells , and as sub- 
marginal spaces or cubital cells. Not rarely there may also be 
present one or more lower nervures (anal, axillar nervures). 

The form and structure of the wings present various modifications. 
The anterior wings may become coriaceous bv the stronger ehitinisation 
of their substance, as for instance in the Orthoptera and Rhynchota ; 
or, as in the Coleoptera , they may have a firm horny structure (teg- 
mina or elytra ), and be used less for flight than as a protection 
of the back, the skin of which is soft. The anterior wings in 
the Rhynchota group of the Hemiptera are mostly horny and only 
membranous at the tip, while the posterior wrings are membranous. 
When both pairs of wings are of a membranous structure, their 
surface i> either thickly covered with scales, Lepidoptera and Phry- 
ganida' (group of Xeuroptera ), or lemains naked and is marked out 
into a number of vei) conspicuous spaces, which may not unfrequently 
have the form of a close net-like mesli-work, as in the Xeuroptera. 
In general the tw r o pairs of wings differ in size. Those insects which 
have coriaceous anterior wings and half or whole wing cover's, have 
much larger posterior wings, w hile in the insects with membranous 
wings the anterior wings are, as a rule, the largest. In many of the 
Xeuroptera , the wings are pretty nearly the same size, while in the 
Dipt era the posterior wings are aliorted and reduced to small knobs 
( halteres ). Finally we find in all the orders of insects examples of a 
complete absence of wings either in both sexes, or in the female sex 
alone. 

The third region of the body, wiiicli contains most of the vegeta- 
tive organs, as well as the organs of reproduction, is the elongated 
and well-segmented abdomen. In the adult insect this region is 
destitute of appendages, although very often in larval life, and as an 
exception in the sexually adult animal (Japyx), short appendages 
are present. The abdominal segments are very definitely separated 
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from one another by soft connecting membranes. They are com- 
posed of simple dorsal and ventral plates, which are also connected 
laterally by soft membranes. This structure of the abdomen, which 
contains the respiratory and genital organs, permits of its being 
dilated and contracted (respiratory movements, distension of the 


ovary). Very often the posterior segments have a special struc- 


ture, owing to the various 
appendages which are con- 
nected with the processes 
of copulation and of depo- 
sition of the eggs. The 
anus is usually placed on 
the last abdominal ring, 
while the generative open- 
ing which is separate from 



Fic.. 437. Posterior end of l>ody ot a Beetle. 
(Pteronticliu* $ ) (after Stein) 8, 9, Dorsal plates 


the anal aperture opens 
on the ventral surface of 


8' O', ventral plates ; St, stigma ; A, amis ; <7, 
gonital opening. 


the preceding segment (fig. 437). Terminal appendages, such as 
jointed filaments, etc., are present on the anal segment. The ap- 
pendices ye nit airs, forming the genital armature, are, on the con- 



trary, placed on the ventral 
side around the genital open- 
ing. Developed in the male 
as valves and in the female 
in the form of ovipositors, 
stings, etc., they arise from 
the imaginal discs (growths 
of the hypodermis), in the 



Pig. 438. — «, Hind end of abdomen of a young 
female Loeuuta with the protuberances of the 
ovipositor and the anal styles ; C and C"', tho 
internal and external protuberances of the penulti- 
mate ; C"', the same of the antepenultimate seg- 
ment. 6, slightly older stage, c, Nympha; A, anus 
with anal styles (after Dewitz). 


lLjmrnoptera and Orthop- 
tera on the eighth (first 
pair) and ninth (second 
pair) segments of the ab- 
domen (fig. 438). The 
ovipositors of the Diptera , 
on the other hand, are to 
be derived from the re- 
tracted posterior segments. 

Alimentary canal (figs. 
439, 440).— -The mouth, 


which is covered by the upper lip, usually leads into a narrow oesopha- 
gus, into the anterior portion of which, distinguished as the buccal 

34 
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cavity, open one or more pairs of tubular or racemose salivary glands 
(>S)>). In many of the suctorial insects, the end of the oesophagus is 
dilated into a sack with thin membranous w alls and a short stalk, the 
suctorial stomach ; in others into a more uniform dilatation, known 
as the crop (fig. 439, Oe). The intestine which follows the oesophagus 
is sometimes straight and sometimes coiled ; it varies exceedingly 
in accordance with the mode of life. It is always at least divisible 

into a longer portion, 
w’hich is concerned in di 
gestion, the mesenteron or 
cht/lific ventricle (Af, Chd ), 
and a terminal portion, 
which is concerned with 
the ejection of the fieces 
(figs. 439, 440). 

The number of regions 
may, how'ever, l>e larger. 
In predaceous Insects, 
especially in the orders of 
Coleoptera and Xevroptera, 
a masticatory stomach or 
pro\entriculus (fig. 440, 
Pv) is inseited between 
the crop and chylitic \en- 
tricle ; this is of globular 
form, and has powerful 
muscular walls. It is lined 
by a specially r thick eh it in - 
ous cuticle, which is be^et 
wdth stiong l>ands, teeth, 
and biistles. The chylific 
ventricle also, on which 
especially' the digestive 
glandular layer is developed 
at the expense of the mus- 

Fig. 43» —-Digestive apparatus of Apt* mrihfjra cular layer, is sometimes 
(after Loon Duf our) Salivary glancle , Of, opho- * . 

phagus with crop like dilatation , M, chyliflc vcn- divided into S6\ era! re- 

tncle, Mr, Malpighian vessels, R, rectum with gions, as for example ill 
so called rectal glands , 0 Dr, ]>oison glands ~ 1 

some Beetles the anterior 

part has a shaggy appearance from the numerous caeca wdiich 

project from it (fig. 440 Chd), and is sharply marked oft* from 
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the simple narrower portion which follows it. Larger cajca, too, 
after the manner of hepatic glands , may he inserted at the com- 
mencement of the chylific ventricle ( Ortlioptera ). 

The commencement of the hind gut or posterior portion of the 
alimentary canal is indicated by the opening of filiform c*ecal tubes, 
the Malpighian vessels. It is divided into two or more rarely three 
regions, which are distinguished as the small intestine , the large 
intestine and the rectum . The last region is provided with a strong 
layer of muscles, and contains in its walls four, six or more longitudinal 
ridges, the so-called rectal glands (fig. 439, 1 ?). Sometimes two 
glands, the so-called anal glands ( G.Br , 

Ad'), open into the rectum immediately in 
front of the anus. Their secretion, on 
account of its irritating qualities and dis- 
agreeable smell, seems to serve as a pro- 
tection to the animal. In exceptional 
cases the larva alone takes up nutriment, 
the sexually mature apterous form being 
without a mouth {Ephemera). Finally 
the stomach of the larva in a few cases 
ends blindly, and does not communicate 
with the hind gut (larva 1 of Hymenoptera , 

Vupipara, Ant-lion). 

The Malpighian vessels already men- 
tioned, which were formerly erroneously 
held to be bile organs, undoubtedly func- 
tion as urinary organs. Their contents, 
secreted by the large nucleated cells of 
their avails, are usually of a brownish 



yellow or white colour, and consist of an Plc 440-—Aiimentaav canal »nd 

. 7 glandular appendages ot a 

aggregation of small granules and con- Beetle (Carabu*) (alter L Du- 

cretioiib, which, for the most part, consist ^ “^Sncui™. 

of uric acid. Crystals of oxalate of lime Chd, chjhfic ventricle, Mg, 
and taurin have also lwsen found. The ' 

numbers and grouping of these filiform 

tulies, which are usually very long and wound round about the chy- 
lific ventricle, varies very much. As a rule there are four or six, 
or more rarely eight of them opening into the intestine, but in the 
Hymenoptera and Orthoptera the number is much larger: in the 
latter there may even he a common duct into which the tubes are 
united ( Gryllotalpa ). 
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Amongst the secretory glands of injects th eghindulw odoriferw, the 
wax-glaiuls, spinning-glands and poison glands are to be mentioned. 
Of the.se, the first, to which belong the anal glands which we have 
already mentioned (tig. 440), lie beneath the covering of the body 
and secrete, usually between the articulations, strongly smelling 
fluids. In the bugs there is an unpaired piriform gland in the 
metathorax, which pours out its secretion by an opening between the 
hind legs and gives rise to the notorious smell. Unicellular cutaneous 
glands have been shewn to exist in different parts of the body of 
insects, and, like the seba cions glands of vertebrates, seem to secrete 
an oily liquid, which serves to lubricate the joints. Similar glandular 
tubes of the integument, which may be called irax-glands, secrete 
white threads and flakes, wdiich cover the body as with a kind of 
powder or w'ool (Plant lice, etc., fig. 441). Spinning-glands occur 

exclusively in 
larva? and serve 
for the produc- 
tion of webs and 
cases. When 
these glands 
ha\e the form 
of two or more 
less sw r ollen and 
elongated tubes 
(sp r i ct eri a) 
opening behind 
the mouth, they 
may be com- 
p ared to ft 
special form of 
salivary gland, 

which they also resemble in their structure. The larva of the ant- 
lion has its spinning organs at the opposite end of the body; the 
wall of the rectum, which is shut off* from the chylific ventricle, 
taking the place of the sericterig. 

The poison glands, which are present in the female Hymenoptera , 
consist of two simple or branched tubes, the common duct of which is 
dilated to form a vesicular reservoir for the secreted fluid, which 
consists of formic acid. The end of this reservoir is connected with 
the poison spine. 

Vascular system. — The blood, which is usually colourless but not 



Fig Ml.— The wax glands and the prominences on which they open 
of an Aphidf ( Schizoneura Lontceraf) a, Pupa >»een from dorsal 
surface , Wk, prominences on which the wax glands oj>en , 
b, the unicellular wax glands (WD) beneath tho cuticnlar facets 
(Cf) of the skin. 
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unfrequently hah a green tinge, always contains amoeboid blood cells 
and travels along definite tracts of the body cavity. The simplification 
of the circulatory apparatus , which is confined to a dorsal vessel , is 
correlated with the richly branched respiratory apparatus, the air- 
conducting tracheae, which are distributed to all the organs and citrry 
oxygen to the blood. The heart, which has the form of a dorsal 
vessel (fig. 442), runs in the middle line of the abdomen, and is 


divided by transverse constrictions into numerous (up to eight) 


chambers corresponding to the seg- 
ments. These chambers are attached 
to the integument of the dorsal sur- 
face by triangular muscles (alary 
muscles). During the diastole of 
the chambers the blood streams 
through as many paired lateral 
slits into the heart, which contracts 
gradually from before backwards 
and dri\es the blood in the same 
direction. The anterior chamber 
is prolonged into a median aorta, 
which runs forward to the head. 
From this aorta the blood fiow T s 
freely into the body cavity and 
leturns to the heart in four prin- 
cipal streams, two lateral, one dorsal 
beneath the dorsal vessel, and one 
ventral above the ganglionic chain, 
giving off numerous branches to the 
extremities, etc. It is oidy in ex- 
ceptional cases ( e.g ., in the caudal 



filaments of the larva* of Ephemera) Fig. 442 .-Lonsritua.uHi section through 

• 1 7 tho body of Sphinx liquutn (after 

that arterial vessels are found pass- Newport). Mx, maxiii® forming the 


ing out from the heart. 

Bespiration is effected by branched 
tracheae , which take in their supply 
of air through paired slit-like open- 


proboscis ; l, palp ; At, antenna; Gg, 
brain; Gi , suboesophageal ganglion; 
JV, thoracic and abdominal ganglia; 
IT, oesophagus; l r/ , suctorial stomach, 
M, inesenteron ; T'im, Malpighian tubes; 
H, heart; &, testes; Jt, rectum. A, 


ings, the stigmata. The latter are Rnus 

usually situated in the membranes connecting the sterna and 
terga (fig. 428), and the exchange of air is determined by the 
distinct respiratory movements of the abdomen. The number of 
stigmata is very various, but there are rarely more than nine or fewer 
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than tw'° pairs present. They are never present on the head or on 
the la^/k abdominal segment. They are least numerous in the aquatic 
larvie beetles and Diptera, which have but two stigmata placed at 
the l>mil end of the abdomen on a simple or forked tube. 1 here 
ar e / however, often two openings on the thorax in addition. Some 
wa /ter-bugs (e.</., Xepa Ramitra, etc.) have at the end of the 
a jbdomen two long grooved filaments which lead at their base into 
wo air cavities. Such water-bugs can by this arrangement take up 
, air like the Dipteran larvie, by protruding the respiratory tube on 
the surface of the water. 

The trachea* (fig. 443), which are kept open by the spiral thickening 
of the cliitinous membrane lining them, are always more or less 

perfectly filled with air, and on 
that account lane usually a silvery 
shining appearance. Their internal 
cliitinous membrane is produced by 
an outer delicate and nucleated cell 
layer, and is thrown off with the 
external cuticle and renewed at 
each moult during larval life. The 
dilatations which are not unfre- 
quently present in the course of 
the trachea*, and which, in strong 
Hying insects, as II ipnenoptera, 
Diptera, etc., are enlarged to form 
air sacs of \erv considerable size, 
may with justice be compared to 
the ail* sacs of birds. They possess a 
delicate cliitinous membrane, which 
exhibits no trace of the spir.il fibre. 
They ‘therefore collapse witli great ease, and require for their filling 
special respiratory movements. These are especially noticeable in 
the relatively clumsy LameUicorm before their flight. The arrange- 
ment and distribution of the tracheal system may easily be described 
by starting with the origin of the pr incipal trunks from the stigmata. 
Each stigma leads into one (or more) tracheal trunk, which sends out 
connecting branches to the neighbouring trunks and gives off a tuft 
of much branched tubes to the viscera. As a rule, there are formed 
in this way two independent lateral trunks, which communicate by 
transverse tubes and give off numerous secondary trunks to the 
internal organs. The finer branches of the secondary tubes are not 



Fig. 443 — Tracheal branch with finer 
twigs (alter Leytlig). Z, Cellular 
external wall ; Sjt, cnticular lining 
(spiral fibre). 
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only applied externally to the viscera, but partially traverse them 
and serve at the same time to support them. 

Tnvcheal (Jills are present in the form of leaf-like or filiform 
appendages on the body of the larvte of Phryyanidce , Ephenteridw 
(fig. 444), and in the rectum of the larva of .Eschna and Libelhila. 



Fig. 4-44 — a, Larva of Ephemera with hoven pairs of tracheal Rills Et, slightly magnified. 
Tk, An isolated tracheal gill, strongly magnified. 6, Tiacheal system of an Agrton larva 
(after L. Dufour) , TV, trachenl trunk ; Na> accessory eye*. 


In the last case the walls of the rectum are very muscular, and 
are capable of regularly pumping in and out water, thus giving rise 
to a kind of respiratory movement. 
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The so-called fat bodies stand in the closest relation to respiration 
and the nutritive processes. They are fat-like shining and usually 
coloured, lobed and globular bodies, which are distributed beneath 
the skin and between the organs, and are especially abundant during 
larval life. The chief importance of these organs depends on the part 
they play with regard to metabolism. They consist essentially of an 
accumulation of superfluous nutritive material, and seem to be used 
for nourishment and for the production of heat, and especially during 
the development into the perfect insect for the formation of new 
parts of the body and for the growth of the generative organs. The 
rich distribution of the trachea 1 to the fat cells points to the con- 
sumption of a large amount of oxygen, and consequently to an 
active metabolism, which is further demonstrated by the frequent 
deposition of nitrogenous w’aste material, especially of uric acid. 

The phosphorescent organs of the Lamp y rid w and various 
E later Idee show’ a certain resemblance to fat bodies. These organs 
are delicate plates, which in Lampyris are present on the ventral 
surface of several of the abdominal segments and consist partly of 
pale albuminous cells, and partly of granular cells, containing uric 
acid ; richly blanched tracheae and nerves arc distributed amongst 
these cells. The pale cells compose the low’er ventral layer of the 
plates, and it is this layer alone which is phosphorescent. These cells, 
together w ith the terminal cells of the trachea*, which are always very 
numerous, are to l>e regarded as the active elements, the chemical 
changes of which, under the influence of oxygen, and to a certain 
extent of the nervous system, give rise to the phenomenon of 
phosphorescence. The cells of the upper non -luminous layer of the 
plates contain a great number of refractile granules, which, accord- 
ing to Kblliker, consist of uric acid compounds, the final products of 
the metabolism w’hicli causes the phenomenon of phosphorescence. 

The nervous system of insects presents a very high development, 
and a great amount of variation in armngement ; all tin nsit ions 
between a long ventral ganglionic chain, consisting of about tw elve 
pairs of ganglia, and a common thoracic ganglionic mass are found 
(figs. 77 and 78). The brain ( s u pm -( esophageal ganglion), wdiich is 
placed in the head, attains a considerable size. It presents several 
groups of swellings ; these are especially marked in the Hymenoptera , 
which have the highest psychical development. It gives origin to the 
sense nerves, and seems to be the seat of the wall and of the psychical 
activity. The small subcesopliageal ganglion supplies the mouth 
parts, and corresponds to several pairs of ganglia fused together. 
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Tlie ventral chain, which with its lateral nerves may be compared 
to the spinal cord and the spinal nerves,' preserves the primitive 
uniform segmentation in most larva-, and is the least modified in 
insects with a free prothorax and long abdomen. In such insects, 
not only do the three large thoracic ganglia, which supply the wings 
and legs with nerves, remain separate, though certainly they are 
often strengthened by the anterior abdominal ganglia, but also a 
larger number of abdominal ganglia. Of the latter, the last, which is 
formed by the fusion of several ganglia and gives off numerous nerve* 
to the ducts of the generative apparatus and to the rectum, is always 
distinguished by its considerable si/.e. The gradually progressing 
concentration of the ventral cord, which nui\ be followed out in the 
larval and pupil development,* is ex- 
plained by the crowding together of 
the abdominal ganglia, as well as by 
the fusion of the thoracic ganglia. Of 
the latter, those of the meso- and 
meta- thorax first fuse to a large pos- 
terior thoracic niitss, which then fuses 
with .that of the prothorax to form a 
common thoracic mass. When the 
latter is finally united to the fused 
mass of the abdominal ganglia, the 
highest grade of concentration, which 
is found in the Diptera and Ilemip- 
tern , is reached. 



The visceral nervous system isdi\ ided 
into the system of the (esophageal 
nei ves and the true sympathetic. In 
the former w*e can distinguish unpaired 
and paired oesophageal nerves. The 


Fig. 445 - Ceiebial ganglion and oeso- 
phageal nerve ganglia of SpJuna 
hffusfrifattei Newport) Oft , Fioutal 
ganglion , g\ g\ ganglia ot the 
paned uebophageal nerveb 


unpaired system springs from tlie anterior surface of the brain b} two 
roots, which unite in front to form the so-called frontal ganglion (tig. 
445 Gfr,) In its further course on the dorsal surface of tlie oesophagus 
it forms 4i number of fine plexuses in the muscular layer of that organ 
(fig. 445). Tlie paired oesophageal nerves spring on either side from 
the posterior surface of the brain, and swell out at the sides of the 
oesophagus to form larger ganglia, which also supply nerves to the wall 
of the oesophagus. A system of pale nerves, first described by Newport 


* Compare especially the liumeious papeis of Ed. Brandt, Uebei die meta- 
morphose des Nervensys terns.” 
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as nervi respirator ii ox* transversi, is to be regarded as a true sympa- 
thetic. These nerves are given off near one of the ganglia of the 
ventral chain from a median nerve which runs between the two 
ventral nerve cords, has a root in the ganglion, and sometimes forms 
a .small sympathetic ganglion. After their separation they again form 
lateial ganglia, the nerves of which pass into the lateral nerves, but 
aftei-wards sepai*ate again from the latter, and after forming plexuses 
supply the tracheal trunks and muscles of the stigmata. 

Of the Sense organs, the eyes* attain the highest grade of per- 
fection. The unicomeal ocelli are principally present in larval life, 
but two or three of them are often present on the top of the head of 
fully-developed insects (fig. 87). The facetted eyes are placed at 
the sides of the head, and are found in the fully- 
developed insect (fig. 85). 

Auditory vesicles with otoliths have not been dis- 
covered in insects. Since, however, the capacity of 
peieeiving sound can scarcely be doubted for numerous 
insects, and especially for those which are capable of 
producing sound, we are forced to presuppose the 
existence of some organ for the perception of sound. 
In fact, in the springing Ortlioptarn apparatuses can 
be pointed to which probably serve as acoustic organs 
for the perception of sound waves. In the AcritUw 
these are placed at the sides of the first abdominal 
segment close behind the metathorax (fig. 66, h ), in 
the Gryllodea ' and Locvxt'uUv in the tibia? of the 
anterior legs, just beneath the articulation of the 
femora (fig. 446). In this region a tracheal trunk 
dilates between two lateral membranes so as to form 
a vesicle, on w T hich are spread out the end cells, pro- 
vided with so-called nerve rods, of a nerve springing 
from the first thoracic ganglion (fig. 447). Peculiar 
sense organs have also been discovered in the posterior wings of 
beetles and in the halteres of flies. 

Shining nerve rods have been found by Ley dig in the nerves of 

* Compare esj>edally Leydig, “Zum feincreu bau dor Arthropoden, sowie 
Gmidis-und Gehdroiganeder Krcbsc und Insectcn.” Midler'* Archie , 1855 and 
1860. 

H. Grenadier, “ Untersuchungen iiber das Keborgan der Arthropoden.” 
Gottingen, 1870. 

Also V. Graber, “Die tympanalcn Sinnesorgane der Orthoptercn.” Wien, 
1875. 



Fig. 44fl. - Tibia 
of the anterior 
leg Of Lorn tt a 
nrulit'tuna (after 
V. Graber). Ty, 
tympanic mem- 
brane with oper- 
culum 
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the antennse, the palps, and legs, under conditions which render it 
possible that these nerves have the value of tactile nerves, and this is 
the more probable since the sente of touch is principally discharged by 
the antennae and the palps of the oral apparatus, as well as by the 
tarsal joints of the legs. 

Olfactory organs are very generally distributed, as might have 
been expected from the developed capability of tiacking which many 
insects possess. It may be regarded as fairly certain that the 
surface of the antenna? is the seat of the olfactory sense. Formerly, 
in accordance with the views of Erichson, the numerous pits which 
are found, for instance, 1 the leaf-shaped antenna? of the Lamelli- 
comia , were interpret# as olfac- 
tory pits ; but it is more cor rect to 
regard with Leydig the peculiar 
cones and knobs of the antenna? 
which are connected with gangliated 
nerve endings as olfactory organs. 

The reproduction of insects is 
principally sexual. The male and 
female generative organs are always 
placed m different individuals: but 
they correspond in their position and 
paits, and in their opening on the 
vential sui face of the hind end of 
the body. The testes and o\aries 
are provided with paired ducts end- 
ing in «m unpaired portion (fig. 91). 

The first rudiments of the genital 
organs may be traced back to a 
very ear*ly stage of the embryonic 
development. Their development, 
however, is only completed in the 
latest period of larval life, or in insects w T ith complete metamorphosis 
during the pupal stage. In rare cases the full development and 
maturity of the sexual organs is never completed, as in the so-called 
sexless Hymen opt era (working bees, ants) and termites, which are 
incapable of reproduction. 

The males and females are distinguished by more or less important 
external differences in various parts of the body ; sometimes these 
differences lead to a marked sexual dimorphism. The males are 
almost always more slenderly formed, and are capable of quicker and 



Fig U7 —A portion of the nei \ e termina- 
tion m the auteiim leg of Loattfa mt- 
dtwnma (ftftei V Grflbtr) N, neive; 
Oz t ganglion cells; St> rods m tie 
teinnnal tells. 
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easier movement. They have larger eyes and antenna*, and their 
colours are brighter and more striking. When there is a pronounced 
dimorphism the females are apterous, and their form approximates to 
that of the larva (Coccidct 3 , Psych ida?, Strepsipterci, Lampyris), while 
the males are provided with wings. 

The female generative organs are composed of paired ovaries and 
oviducts, the unpaired oviduct, the vagina and the external genital 
apparatus. The ovaries are elongated tubes, in which the eggs 
originate. The ova lie one behind another in a single row like a 
string of pearls, increasing in size from the blind end to the opening 

into the oviducts (tig. 91, a). The 
arrangement of these ovarian 
tubes presents extraordinary 
variations, and there thus ori- 
ginates a great numl>er of dif- 
ferent forms of ovary, which 
have been described principally 
in the beetles by Stein. The 
number of the ovarian tubes 
also varies exceedingly, being 
least in some Jlhynchota , and 
then in the butterflies, the 
latter having on each side only 
four very long ovarian tubes, 
which are many times folded 
(tig. 448). At their lower ends 
the ovarian tubes on either side 
open into the dilated commence- 
ment of the oviduct, which joins 
with that of the other side to 
form a median oviduct. The 
lower end of the latter repre- 
sents the vayiwa, and often 
receives, near the genital aperture, the ducts of special cement and 
sebaceous glands ( yUmdnlw sebacecr), the secretion of which is used to 
surround and fasten the eggs which are about to lie laid. In 
addition to these glands, the unpaired efferent duct of the genital 
apparatus is very commonly furnished with one or several usually 
stalked receptacula semiv is (fig. 449), in which the semen, often 
introduced in the form of sperma topi tores, retains its fertilizing 
properties for a long time, sometimes for years, under the in- 



Fig. 448. — Female aexual organs of 7 an/ tan 
urtica (after Stem) Or, The ovarian tubes 
cut off ; Sc, receptaculum scmmis and 
accesaoiy glands; la, vagina, Be, bursa 
copulatnx with duct leading to the iduct ; 
Dr, glandular appendage ; Z>r gland u lie 
aeljacea? ; S, rectum. 
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fluence of the secretion of an accessory gland. Beneath the recepta- 
cultim seininis, a large pouch-like diverticulum, the bursa copukvtrix , 
which assumes the function of the vagina, is sometimes separated 
from the vagina. In the butterflies (fig. 448) a narrow duct serves 
to convey the sperm from this bursa, which 
opens separately, to the receptaculum. 

The male generative organs consist of 

paired testes and their vasa deferentia, of 

a common ductus ejaculatoiitis and of the 

external copulatory organ (fig. 450). The 

testes are long blind tubes, which are present 

either singly or in number on either side, 

and are often coiled together so as to form a 

seemingly comjwct brightly-coloured body. 

They may also be united to form an unpaired 

organ in the middle line. Tlie testicular Fll . no region of 

tubes are prolonged on either side into a the female generative organ?* 

, ot Mitxi a domexhea (after 

usually coiled efferent duct or \as deferens, stem), oa, oviduct, Me, the 

the lower end of which dilates considerably, t 3f ce f e “P‘" c ' tla 

t Dr, glandular appendages 

and may even sw^ell out to the form of a of the vagina, jbi. bimd 

vesicle (vesicula seminalis). At the point sac - llke appendage 

wliere the two vasa deferentia join to form the muscular ductus 
ejaeulatorius, one or more glandular tubes often pour their coagulable 
secretion into the latter ; the Necretion serving to form a case 
round the balls of spermatozoa. The transference of the speraiato- 



phores into the body of tlie female 
effected by a horny tube or 
SrVfrl // //^ — ^ ) groove which surrounds the end 
\f sy 0^— 7 of the ductus ejaeulatorius. This 

\ *¥> tube, when not in use, usually lies 

% I f retracted in the abdomen, and 

T when protruded is surrounded by 

Vfajfo v 1 j, ^ external organs for attachment 

Silo (valves or pincers), as by a sheath. 
CNJiXp In exceptional cases ( Libellida ) the 

copulatoiy apparatus which serves 

io 450 Male generative organs of the , , e , , • 

Cockchafer; (after Gegenbaur). T, Tea- to transfer the speim IS remote 

tes; iv, dilated portion of the seminal from the generative opening, as in 
unct , Dr coiled accessory gland. , ® . , . . 1 j 

y K tlie male spiders, bemg placed on 

the ventral side of the enlarged second abdominal segment. 

Almost all insects are oviparous, and only a few, as tlie TacJunw , 
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some of the (EstrkUr and of the Pupipara , are viviparous. As a 
rule, the eggs are laid shortly after fertilization, and before the 
commencement of the development of the embryo. In rare cases 
the embryo is already formed when the egg is laid. In the last case 
the segmentation and formation of the embryo take place in the vagina 
(fig. 451). The fertilization of the egg usually takes place during 
its passage through the oviduct, at the place where the receptacnlum 
teminis opens. Since the eggs become invested with their resistant 
chorion in the ovarian- tubes, from the epithelial cells of which they 
originate for the most part during the larval life, it is necessary 
that there should be special arrangements which render possible the 
entry of the spermatozoa and the fertilization of the ovum. For this 
object there exist on the upper pole of the egg (the pole turned 
towards the egg-tubes during the passage of the egg) one or more 

pores known as micro pyles* 
which pierce the chorion 
and present a characteristic 
form and arrangement (fig. 
452). 

The ova originate in the 
narrow terminal portion of 
the egg-tubes, which is 

Fn 451 —Female gf nei ati\ e oi gans of the \ i\ lpaiou* often prolonged into a thill 

Meloyhtrgv* ounn* (Pupipara) (aitei Tt Leuckart) thread. Heie the growth 

Ov, Eg,< m the ovarian tube of ' ue side, Vt, ' 6 

uterus , Dr, the glands opening mto the utenm, of the egg- tube takes place, 

i a, vagina as ^ ell as the differentiation 

of its contents into egg cells and ovarian epithelium. The ovarian 
tubes increase continuously in diameter towards the oviduct, in 
correspondence with the gradual incr ease of size undergone by the 
eggs, which are arranged one behind another in its lumen. Each 
egg occupies a chamber, and obtains an external resistant mem* 
Inane (chorion), which is secreted by the epithelium which lines the 
cliamlier. The chorion shows in its external markings the pecu- 
liarities of the epithelium from which it was formed. 

Besides this type, which is found in Pulex and in many of the 
Keurojytera and Orth opt era, there is a second type of ovarian tube, 
distinguished from the first by a more complicated structure of the 
ovarian chambers. The lumen of such egg-tubes encloses above the 

* Compare R. Leuckart, “ Ucber die Mikropyle und den feineren Bau der 
Schalenhaut bei den Insecten.” Muller's Archiv ., 1855. 
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ovum a .single (Forficula), or a number of yolk-forming cells (nutri- 
tive cells), so that we can distinguish in the egg- tube alternate yolk 
and germ compartments (tig. 453, a and 5). In rare cases (Aphides) 
there is at the end of each egg -tube a common larger chamber of yolk 
cells, which are connected with the egg-chambers by means of “ yolk- 
cords ” (fig. 453 c ). 

Parthenogenesis and Heterogamy. — In certain insects, partheno- 
genesis, i.e. 9 spontaneous development of unfertilized ova, has been 



shown to obtain , this occurs in the 
Psychidrr (Psyche), Tineida ( Solenobia ), 

Coccidce ( Lecanium , Aspldiotvs) and 
Chermes ; also in numerous Ilymevop- 
tem, especially in Bees, Wasps, Cynipidce , 
and TenthredinuUe (Nematus). In the 
Ilymemptera which live together in 
the so-called animal communities, male 
forms only are produced from the unfer- 
tilized ova (arrentokia). Chermes affords 
an example of Heterogamy, in that tv o 
diffeient oviparous generations follow 
one another ; a slender and w inged 
summer generation, and an apteious 
geneiation which is found in autumn 
and spring and lives through the winter : 
the males are, in most cases, not )et 
known. The closely -allied Aphides (plant- 
lice), which were formerly supposed to 
present the phenomenon of an alterna- 
tion of generations, belia\e in a similar 
manner. In them the summer genera- 
tions are very numerous, and are suc- 
ceeded by a sexually-dei eloped autumn 
generation, which includes \\ inged males 
as well as the oviparous and often ap- 
terous females (fig. 97, a, b). In the 
spring, viviparous Aphides are developed 
from the fertilized eggs. These are mostly winged (fig. 99), and in 
their organisation closely resemble true females. Their reproduc- 
tive organs are, however, differently constructed, and are without 
the receptaculum seminis. Since they never copulate, they have 
often been regarded as asexual forms provided with germ tubes. 



Fit. 452 — Miciop^les (Ml) of msect 
eggs (after R Louckart) a, 
upper part of the egg-shell of 
Anfhomyta, b, egg of Drosophila 
Lilians , c, stalked egg of Punistus 
testureus 
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The germ apparatus, however, of the so-called Aphide asexual 
generation not only has a very great resemblance to the female 
generative apparatus of insects, but the structure and mode of origin 
of the germ seems to agree so closely with that of the ovum that 
the viviparous Aphides must be considered as a peculiarly organised 
generation of females, the genital apparatus of which has undergone 
some simplifications adapted to parthenogenesis. However that may 
be, it will be convenient in this case to call the ovary the pseudovary, 
and the ova which originate in it and are incapable of fertilization, 
the pseudova. From this point of view the reproduction of some 


c 



Ft c. 4j3 - #/, Egg tube of Forficula 2fz, Nutritive cells , Ez, ovum , OF, epithelium of the 
wall of the egg tube. 6, Me (ban part of the egg tube of a Moth Nz, nutritive cells of 
the yolk chamber, Ez t mum in the geim- chamber , H, connective tissue investment, 
so called serosa c, Egg tube of Aphm pfafanotde* with three ovarian chambei s (Ez—Ez") 
and the terminal nutritive chamber with its cells Nz Dx, yolk coitl. 

Diptera ( (Jeculo/nyia, Miastor, fig. 100), which can reproduce them- 
selves while still in the larval stage, may be explained. 

The development of the embryo takes place as a rule outside the 
body of the mother, and occupies a longer or shorter period of time, 
according to the temperature and the time of the year. The centro- 
lecithal segmentation leads to the formation of a superficial blastoderm, 
which surrounds the ovum, and always consists of a single layer of 
cells. A part of this blastoderm, on that side of the ovum which the 
later history shows to be ventral, becomes thickened and sharply 
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marked off from the rest, and forms the structure known as the 
ventral plate, which constitutes the first rudiment of the head and 
ventral half of the embryo. 

In many cases ( Rhynchota Libellula) the ventral plate grows out 
from a hill-like thickening of the blastoderm (fig. 454) into the 
interior of the yolk, so that an internal ventral plate arises, in the 
formation of which a portion, though a small one, of the external 
blastoderm participates. The ventral thickening, which gives rise to 
the ventral plate, is caused by long columnar cells, and is at first 
confined to a small portion of the egg ; in JJydrophihis the posterior 
end (fig. 455, a). Inasmuch as its lateral edges become elevated 




Pig 464 —Embrj omc development of Calopteryx virgo (after Al. Brandt) a, Commencing 
involution of the ventral plate The blastoderm was at first one-layered and thickened at 
the poles. G t edge of ventral plate b , Later stage of the involution, c, The embryonic 
membranes are developed, Lp, parietal (^eiosa), Lo, visceral (amnion) layei of the latter 
d, The apiiendages have sprouted out on the ventral plate A, Antenna , Md, mandible , 
Mx', first maxilla, Mx, second maxilla (labium or lowei lip) Then follow thiee pairs of 
legs e, Eversion of the embiyo which is protruded from the sheath of the \ lsceial layer 
d. Completion of the inversion , the hind end of the body is free , the \ oik sac is on the 
dorsal sui face 

&nd grow towards one another (fig. 455, b, c), the thickened \ential 
plate first assumes the form of a groove, and then, after the fusion of 
the lateral edges, becomes a canal, the lumen of which is soon 
obliterated. The roof only of this canal corresponds to the epiblast, 
while the cells of its floor and its sides give iise to the first rudiment 
of the mesoblast. At the edge of the so-called ventral plate, fierii 



546 


INSECTA. 


folds are then formed , these lead to the formation of the embiyonic 
membranes, which aie so chaiacteristic of insect de\ elopment. In 



f»iG 455 -Development of the embn o of Ilydrophtfut ptceu* (after Kowalevski) a , Shield- 
like ventral plate with raised edges ft, The edges are already growing together in the 
middle e, The groo\e is almost entirely closed d, The tail told of the embryonic 
membranes has grown ovei the postenor end of the closed groo\e and is gradually 
extending forward A?n, Amnion < The embryonic membiancs have almost entirely 
grow n over the embn o f The embn onic i udiment l>eneath the completely closed mem 
branes with seventeen primitive segments AT/, Procephahe lobes , A, antennae g, The 
ventral plate extends along the w hole length of the ventral surface The bi lobed upper Up 
is present, also the antennae, ( A ) the jaws, and the first rudiments of the legs, rudimentarv 
appendages are present on the seventh segment as pi eminences On the abdominal 
segments there are round invaginations, the first rudiments of tracheae , there is a 
longitudinal groo\ e from mouth to anus ft, The ventral plate covers the wrhole ventral 
surface of the ovum the openings of the invaginations (stigmata) have become small 
rudimentary extremities are still present on the first abdominal segment The ganglia 
of the ventral chain ha\e appeared t, Viewed from the doisal surface the so-called 
dorsal plate haR closed up to a tube, 0> is its opening ft, The embrjo just iieforc 
hatching seen from the ventral side 

Hydrophilm these folds giow togethei o\er the \ential plate from 
behind forwards, and fuse with one another, sp as to give rise to an 


LARVAL DEVELOPMENT. 


547 


external and internal membrane, the former being called the serous 
membrane, and the latter the amnion (fig. 455, d , e). 

Simultaneously with the above-mentioned appearance of the 
membranes (in other cases at an earlier stage of development) the 
ventral plate becomes divided into two symmetrical halves, the 
germinal bands, which become divided by transverse constrictions into 
segments (up to 17). First of all three cephalic segments , on which 
the oral appendages are subsequently developed, make their appear- 
ance behind the procephalic lobes, which bear the first rudiments of 
the antenna?. Behind these the rest of the primitive segments 
{inesohlastic somites) are successively marked off. 

Inasmuch as the germinal bands become strongly contracted, their 
dorsally bent round, terminal portion become* drawn more and more 
towards the lower part of the egg, while their lateral parts gradually 
grow round tfie yolk to form the dorsal surface of the embryo 
(fig. 455, f, g , //). With these changes the body of the embryo 
has assumed a closed form : it now possesses mouth and anus, the 
first rudiments of the internal 
organs and the external appen- 

dages of the segments, and is soon 'I >■ 

ready to escape from the egg and 

begin its independent life. X \ 

In Hydrophilm and the Phrg- «0-— larrn mfcli rudimentary 

ganidce, , peculiar differentiations wings and inahL. 

appear on the dorsal surface, giving rise to a dorsal plate, which later 
on becomes folded, so as to form a dorsal canal (fig. 455, i). 

The post-embryonic development takes place, as a rule, by means 
of metamorphosis, the form, organization and mode of life of the 
young animal, after hatching, being different from that of the 
sexually adult animal. It is only in the lowest forms, the partly 
parasitic Aptera , both sexes of which are without wings, that the 
young leave the egg jus perfect animals ( Insecta ametabola). 

In those insects which pass thiough a metamorphosis, the manner 
and degree of the transformation differs greatly, so that the dis- 
tinction of a complete and an incomplete metamorphosis, which was 


formerly employed, seems to be in a certain degree justified. 

In the case of the incomplete metamorphosis ( Bhynchota , Orthoptera) 
the development of the larva into the perfect winged insect presents 
a number of stages, during which the larva is capable of free locomo- 
tion and of nourishing itself. During these stages, which are marked 
by successive ecdyses, it gradually acquires wings and inci*eases in size, 
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the rudiments of the generative organs are further developed, and it 
becomes more and more like the winged insect. In the simplest case 
the mode of life and the organization of the young larvae closely 
resemble those of the sexually adult animal, as for instance in the 
Hemiptera and Orthoptera genuina , but in other cases the adult and 
larva may differ considerably, although not so much so as in insects 
with complete metamorphosis ; for instance, the larvae of the 
Ephemeridae and the Libellulidse Jive in another medium and increase 
in size under different conditions of nourishment (fig. 456). 

The metamorphosis is only said to be complete in those forms in 
which the larva passes through a quiescent stage, in which it is 
known as a pupa and does not take nourishment. With this stage 



Pig. 457. — Metamorphosis of Sltarm humeral m (after Fahre). a, First larval form, b. Second 
larval form, c, Pseudo-pupa, d. Third larval form. < t Pupa. 


the larval life ends and the life of the winged insect {Imago) begins. 
The larvae of insects with complete metamorphosis differ from the 
sexual animal to such an extent in mode of life and nourishment, in 
the form of the body and in the whole organization, that though the 
parts of the body peculiar to the winged insect are prepared and 
established in larval life, yet a longer or shorter peiiod of quiescence, 
in a certain sense a second embryonic period, seems necessary, during 
which the essential alterations of the internal organs, as well as the 
consolidation of the newly-established external parts, are effected 
{hyper metamorphosis, Meloidae, fig. 457). 

In the form of their body and the homonomous segmentation, 
the larvae recall Annelids, with which they also often have in 
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common the uniform segmentation of the ganglionic chain. Never- 
theless, it is probable that only a proportionately few of the 
larval forms have preserved the primitive form, and have a phylo- 
genetic significance ( Orthoptera ). In most cases the insect larvae owe 
their special peculiarities to secondary adaptations. In exceptional 
oases, the metamorphosis may be distinguished by quite special larval 
forms, as for instance in the Pteromalina (Plat yy aster, Teleas), the 
e ggs of which are laid in other insect larva? (fig. 458). 

The lowest, usually parasitic larva? are quite vermiform, and are 
without limbs or a separate head, the latter being represented by the 
anterior rings of the body ( maggots of Diptera and of numerous 



Fig. 158. — Larval forms of three specie* of Plafi/yatter (after Gauin). a, b, c, Cyclops-like 
larval stages with claw-like jaws, cephalothoracic shield and abdomen. d f Secondlarval 
stage, e , Third larval stage. 


Hymenoptera, fig. 66 , a). In other cases there is indeed a separate 
cephalic region, but the following thoracic and abdominal segments 
are entirely without appendages. The larvae of the Neuroptera , of 
many beetles, of the Tenthredinulce and butterflies (caterpillars), have, 
on the contrary, jointed appendages on their three free thoracic seg- 
ments, and frequently also a greater or less number of rudimentary 
appendages, the so-called prolegs, on their abdomen. There are two 
rudimentary antenna? on the heads of these larva?, and a varying 
number of simple eyes. The mouth parts are, as a rule, adapted 
for biting, even when the adult animal has a suctorial tube, but, with 
the exception of the mandibles, they are usually rudimentary. The 
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mode of nourishment of the larva? varies very greatly ; but their diet 
is for the most part vegetable, which stands in great abundance 
at the disposal of the quickly-growing body. The larva usually 
undergoes four or five, rarely a greater number of moults, and in 
the course of its growth gradually assumes the form of the winged 
insect, not in all cases by the direct transformation of parts already 
present, but sometimes only after essential processes of new 
formation. 


In this respect, however, there are considerable differences, the 
extremes of which are represented in the JJqrtera by the genera 
Corethra and Mascct. In the case of C urethra, the larval segments 
and the appendages of the head are transformed directly into the 
corresponding parts of the perfect insect, while after the last larval 
ecdysis the limbs and wings are formed from the imayinal discs . 
The imaginal discs are derived from the liypodennis of the larva. 

^ The muscles of the abdomen and the other 

— * — y systems of organs pass unaltered, or with 

but little alteration, into those of the 

/ adult animal. The thoracic muscles, on 

the contrary, originate as fresh formations 

T from rows of cells already established in 

the egg. With these slight changes, the 

Fig. 458 /-imago of Piatyrja*t< r active life of the pupa and the small de- 
(al’ter Ganm). « . .. \ . 

velopment of the fat body are m necessary 
correlation. In Musca, on the contrary, the pupa of which is quiescent 
and enclosed in a firm barrel-shaped membrane and contains a large fat 
body, the body of the adult animal, with the exception of the abdomen, 
arises by extensive transformations of the larva. The head and thorax 
are developed from imaginal discs, which, already established in the 
egg, become developed in the larva on the investing membrane of the 
nerves or tracheae. It is not until the pupal stage that these discs 
grow together, and give rise to the head and thorax. Every thoracic 
segment is composed of two pairs of discs (a dorsal and a ventral), 
the appendages of which represent the later wings and legs. All the 
systems of organs of the larvce are said to undergo a disruption 
during the protracted pupal stage as a result of the (recently, 
however, contested) process of so-called histolysis, and are replaced 
by new formations by aid of the fat body and the granular spheres 
arising from the latter. 

When the larva has attained a certain size and degree of develop- 
ment, i.e., when it is fully grown and provided with the food 
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material required for its future changes, in the form of the enormously 
developed fat body, it is ready to enter on the pupal stage. The 
larva? of many insects prepare above or below the ground, by means 
of their spinning glands, a protective web, in which, after casting 
their skin, they enter the pupal stage (Chrysalis). The external 
parts of the body of the winged insect either lie against the common 
horny skin of the pupa, so that they are recognizable as such 
Lepidoptera , pupa obtecta), or they already stand out freely from the 
body ( Coleoptera , pupa libera). This distinction is, however, an un- 
important one, since in the first case the limbs are free just after the 
ecdysis, and are only cemented afterwards by the hardening cuticular 
layer. If the pupa remains enclosed by the last larval skin (Mus- 
cidee) it is termed pupa coarcfata. 

In all cases the body of the winged insect lies with its external 
parts sharply marked in the pupa, and the special object of the pupal 
life is to complete the changes of the internal organisation and the 
maturity of the sexual organs. When this is accomplished the 
winged insect bursts the pupal skin, forces its way out by means of 
antenna*, wings and legs, and expands those parts which have been 
folded together, under the infiuence of violent inspirations, by which 
the trachea* become filled with air. The cliitinous covering becomes 
harder and harder, the urinary secretion which has accumulated 
during the pupal sleep is ejected from the rectum, and the insect 
is capable of performing all the functions of the sexually adult 
animal. 

The mode of life of insects is so varied that it is hardly possible 
to give a general account of it. The diet is both animal and vege- 
table, and is taken in the most varied forms, either solid or fluid, and 
fresh or decaying. Plants are especially subject to the attacks of 
insects and their larva*, and there exists, perhaps, no Phanerogam 
which does not afford nourishment to one or more species of insects. 
On the other hand, insects seem useful or even necessary to the well- 
being of the vegetable world, for in many cases — e.y., many flies, 
bees, and butterflies — they bring about fertilization by carrying the 
pollen to the stigmata of flowers. 

The complex, often marvellous, and apparently intelligent actions 
performed by insects correspond to the perfection with which the 
vegetative organs discharge their functions. Such actions are 
largely carried out instinctively by the mechanism of the organi- 
sation, but they certainly in part depend upon psychical processes, 
since they presuppose memory and judgment, in connection with 
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the highly-developed perceptive powers of the sense organs. The 
animal enters the world with instinct, but, in order to perform acts 
depending On memory and judgment, it must first acquire the 
necessary psychical conditions by sense perceptions and experience 
( bees ). In the inherited organisation are latent all those capabilities 
which have been acquired in the gradual processes of phylogenetic 
modifications and at the expense of psychical forces, and have, at 
last, as the result of frequent use, become automatic and a 
pure mechanical property of the organism. 

The instinctive, and psychical manifestations tend directly to the 
preservation of the individual by providing ways and means for the 
acquisition of food and for protection, but there is a special instinct 
tending to the preservation of the species and the care of the young. 
The most simple example of the latter is to be found in the judicious 
deposition of the eggs in protected localities, and on plants suitable 
for the nourishment of the just-liatched animal. The actions of the 
mother become more complicated in those cases in which the larva* 
develop in specially prepared places, and have, as soon as hatched, to 
meet with the requisite amount of suitable nutritiv e material (Sphex 
8(thido8a). But most wonderful are the instincts of some of the 
Orthoptera and JTymniopfera, which concern themselves about the 
fate of their young after they are hatched and carry nourishment to 
them during their growih. In such cases a great number of indivi- 
duals become associated together for the common welfare in the 
so-called animal communities, in which there is a marked division of 
labour among the different members ; males, females and sexually 
aborted forms or neuters (termites, ants, wasps, bees). 

Some insects are capable ‘of producing sounds,* which w T e must 
in part regard as the expression of an internal disposition. We 
cannot, however, thus regard the buzzing sounds produced during 
flight by llytnenoptera and Dijrtera (vibration of wings and of the 
foliaceous appendages within the ti-achea*), or the sounds like those 
of a rattle which are produced in numerous beetles by the friction of 
certain body segments against one another (pronotum and masonotum 
of the Lamellicornia ) or with the inner sides of the wing-covers, 
although it is possible that such sounds are of some use for defence 
against hostile attacks. Peculiar vocal organs, which produce sounds 
for the purpose of attracting the females, are found in the male 
Cicada on the abdomen, and in the males of the GryJlidce and 


* H. Landois, “ Die Ton-und btimmapparate der Insecten.” Leipzig, 1867. 
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Locustidce, at the base of the anterior wings. Both sexes of the 
Acrididce also produce similar though feebler chirping sounds, by 
rubbing the femora of the posterior legs against the edge of the wing- 
covers. 

Insects are almost universally distributed, from the equator to the 
extreme limits of vegetation , certainly with a considerable diminu- 
tion in the number of species, and in their size and beauty of colour. 
Some forms are truly cosmopolitan, e.y., Vanessa cardui. Fossil 
insects are found in 
increasing numbers of 
species, from the car- 
boniferous formation to 

the tertiary period. The ^ 

best preserved are those 
enclosed in amber and 
the impressions in the 
lithographic slate. 




Order 1. — Thysanura* 
(including Collem- 
bola). 


T Vinyl ess insects , with 
hairy or scaly body cover - 
ivy ; with rudimentary 
masticating mouth parts 
arid setiform anal fila- 
ment s, which may serve 
as a springing appara- 
tus, at the end of the 
ten-segmented abdomen . 

Development w ithout 
metamorphosis . 

The Thysanura seem to lia\e preserved most completely the 
primitive character of the oldest insect forms. The elongated 
Oamjmlidce particularly recall certain Myriapods, especially since 
they may have rudimentary feet on the abdomen (tig. 459, a , 6). 
On this account the Campodidcr have been regarded as ancestral 


Fig. 450. -<t f Campodea utaphyhnm (after J. Lubbock). 
b, Anterior half ot the body of C. Fragdi* (after 
Palmt?n). T \ , Trachea, S, stigmata; P, logs , P', rudi- 
mentary abdominal feet. 


* John Lubbock, Monograph ot the Coilembola and Thwinuivi.’’ London, 
1873. 
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forms of the insects. The head bears tolerably long setiform an- 
tennae, and, as a rule, aggregated ocelli, in place of the facetted 
eyes. The mouth-parts consist of mandibles and maxillae, which 
can be retracted into a sort of atrium. In this case an apparatus 
for attachment with gland is often present on the ventral side 
of the first abdominal segment. Trachea* are completely absent 
in many Collembola ( Podnra ), while in Campodea they present 
very simple relations. There are only three pairs of stigmata, 
and the trunks which spring from them do not anastomose. On 

the penultimate abdominal segment there 
are often setiform filaments, which when 
forcibly bent ventralwards serve as a 
springing apparatus (springing fork fig. 
460, a ). 



h 



Fam. Campodidee (fig. 459). The body is 
elongated, and the alxlomen has ten segments 
and ends with two filaments. Japg.r gigax Hr., 
Cyprus. J. solifugux Hal., Campodea xtajfhglinns 
Westw. 

Fam. Poduridffl, spring-tails (fig. 4<>0, a). The 
body is stout, globular, or elongated. The ab- 
domen is usually reduced to a few segments, 
and has a ventral organ for attachment, and 
ends with a long, ventrally-bent fork, used in 
springing. Svnjnthvrvs xignatv* Latr., Podnra 
agvatica Deg. 

Fam. : Lepismidae (fig. 400, h). Body arched, 
elongated, and thickly covered with metallic 
shining scales. The abdomen has ten segments, 
and terminates with a long median seta and two 
weaker lateral seteae. Lepisma median na L., 
Maddlis jtolgpoda L. 

Order 2. — Ortho ptera.* 


Fig. 460. — a, Podura viltom. 

h » -frphww tarcharina (regne Insects with an incomplete metamorphosis. 
animal). „ 1 7 / . 

with two usually unequal pairs of wings . 

Jaws adapted for biting . 

The name of this order, which was borrowed from the wings, is 
by no means suitable for all the forms included, and a very great 
variety prevails, both in the external appearance and in the internal 


* A. Serville, “ Histoire naturelle des Insectes Orthopt^res.” 'Paris, 1839. 
T. De Charpentier, “ Orthoptera descripta et depicta.” Leipzig, 1841. 
L. H. Fischer, “ Orthoptera Europaea.” Leipzig, 1853. 
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organisation. The head usually bears long, multiarticulate antennae, 
facetted eyes of considerable size, and also simple eyes. The oral ap- 
paratus is adapted for masticating and biting. On the under-lip 
( labium ) the four lobes, and sometimes also their supports (sttyites), 
remain separate from one another. The prothorax, the size of which 
is very variable, is always freely moveable, and separated from the 
mesothorax by an articulation. The form and structure of the 
wings is extraordinarily variable. The anterior wings frequently 
have the form of coriaceous wing covers, or, at any rate, are 
.stronger and thicker than the larger posterior wings, which can 
be folded together. In other cases, both pairs of wings are similarly 
formed and have a net-like appearance, like those of the Neuroptera. 
The legs also vary in their form, the tarsus consisting rarely of two, 
usually of three, four or five joints. 

The abdomen usually preserves the full number of segments, and 
ends with caudal appendages having the form of pincers, stylets, 
filaments or setae; ten segments usually take part in its construc- 
tion, the genital opening being on the ninth, and the anus on the 
tenth. On the abdomen of the female there is sometimes an 
ovipositor {Salta tor la). This springs from the penultimate and 
antepenultimate segment, and consists on either side of an upper 
and a lower valve, and an inner spinous rod lying on the upper 
valve and passing along a groove on the upper edge of the lower 
valve. 

Many Ortho pier a have a dilatation of the (esophagus which may 
be called a crop, and a gizzard ; this is followed by the chylific 
ventricle, which often has some ctecal appendages at its anterior 
end. The salivary glands are often extraordinarily large, and are 
provided with a vesicular reservoir. The number of the Malpighian 
vessels is, with a few exceptions, very considerable. The ventral 
ganglionic cord presents three larger thoracic ganglia, and five, six, 
or seven smaller abdominal ganglia. Some Orthoptera possess tym- 
panic auditory organs. The generative organs consist, as a rule, of 
numerous egg tubes and testicular sacs. Large glands open into 
their efferent ducts. A bursa copulatrix is absent. 

All Orthoptera undergo an incomplete metamorphosis. The two 
sexes are distinguished, not only by the differences of the external 
copulatory organs and by the size of the abdomen, but sometimes by 
the size of the wrings ( Periplaneta ), or by the absence of the wings 
in the female (Heteroyamia, Pneumora) ; and in the jumping Orthop- 
tera (Saltatoria) by the development of a voice organ on the body of 
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the male. The chirping sounds produced by this organ probably 
serve to call the female to the place, and to excite her to copulation. 
The female also, in rare cases, has the voice apparatus perfectly 
developed (Ephippiyera among the Locmtidce). The eggs are laid 
under very various conditions — sometimes in the earth, sometimes on 
external objects in air in damp places, or in water. The em- 
bryonic development has been most accurately traced out in the 
Libelhdida », in which an internal ventral plate is formed. The larvae 
of the winged forms leave the egg without any trace of wings, and 
either agree with the sexual animal in mode of life and form of body, 
excepting in the number of joints on the antenna? and of the corneal 
facets, or differ 'from it considerably in these relations (Ephemeruhr, 
Libelhflidre) in that they live in quite another medium. Most of 

them, in the fully developed 
state, feed on fruits and leaves, 
and a few on animal substances* 

Sub-order 1. — Orthoptera 
genuina. 

Front wings small and hard, 
sometimes coriaceous for the 
protection of the hind wings 
and the back. The hind wings 
are membranous and broad, and 
can be folded together longi- 

Fig. 461 .—a, ForfienUt anncnlarta. b, Blotto tlldinally. The maxilla? with 
oriental t* £ (regno animal). i i i . .i . 

horny internal lobe toothed at 
the point and covered by the helmet-shaped membranous outer lobe 
(galea), with five-jointed palp. The appendages of the last abdominal 
segment are developed ; the inferior stylets are sometimes wanting* 
The females often have an ovipositor. The larvae always feed on solid 
substances and always live on land. 

Tribe 1. Cursoria. With running legs. 

Fam : Forflculidae, Earwigs ( Derm at opt era ). Elongated l>ody, with four 
unequal wings, of which the anterior are short horny wing-covers, which lie 
horizontally on the body and cover the thin membranous hind wings, which can 
be folded by means of joints (fig. 4 The abdomen has nine segments and 
ends with a pincer, the arms of which arc strongly curved in the male. They 
feed on vegetable matters, especially on fruit, and conceal themselves by day in 
their haunts, from which they emerge at dusk. Forficvla auricular ia L Labi - 
dvr a gigantea Fabr. 
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Fam. Blattid©. The body flat, elongated oval, with a broad shield-like 
prothorax, long multiarticulate antennae and powerful locomotory legs, with 
spiny tibiae and five-jointed tarsi. The head is covered by the large pro- 
thoracic shield and is as a rule without ocelli. External lobe twice as large as 
the internal. The front wings are large wing-covers which overlap one another, 
but these, together with the hind wings, may be absent in the female ( Hetero - 
gamid) or in both sexes. They live on solid animal matter and avoid the light 
in the day, living in dark hiding-places. Many species are distributed over all 
the world, and in great numbers cause much damage in bakeries and storehouses. 
The tropical forms are especially large. The females lay their eggs in cases a 
short time before the hatching of the yoimg. These capsules in Periplaneta 
oriental is enclose about forty eggs, arranged in two rows. In this animal 
the metamorphosis is said to last four years. Periplaneta oriental in L., 
common cockroach, said to have been introduced into Europe from the East 
(fig. 461, b). P. amerieana Fabr., Blatta laponica L., Jt. germanica Fabr. 

Tribe 2. Gressoria. With ambulatory legs. 

Fam. Kantidee (Fangheuschrecken). Anterior predatory legs, the jagged 
tibiae of which can be folded against the toothed femora. They prey on other 
insects, and inhabit warm and hot countries ; only the smaller species extend 



to South Europe. The females lay their eggs in clumps on plants, and surround 
them with a tough secretion, which hardens so as to form a capsule. This 
secretion is produced by the filiform appendages of the oviduct. Mantis 
religiosa L., praying insect, in South Europe. 

Fam. Phasmidfle (Gespenstlieuschreeken). The body elongated, as a rule 
linear, with long ambulatory legs. The tarsi have five joints, and bear a large 
lobe for attachment between the terminal claws. Wing-covers and wings are 
often rudimentary or altogether wanting. The anal processes are not jointed. 
They live in the tropics and feed on leaves. The wingless forms resertible dried 
twigs, the winged dried leaves, Bacteria calamus Fabr., Surinam. Phasma 
fasciatum Gray, Brasil. Pkyllium siccifolium L., East Indies. 

Tribe 3. Saltatoria. With jumping legs. 

Fam. Aoridiidee (Grasshoppers). With short filiform antenna?. The an- 
terior wings arc stiff and only a little broader than the anterior division of 
the hind wingB, which during quiescence are folded up like a fan and com- 
pletely covered by the front wings. The auditory organs lie on either side on 
the metathorax. The female has no projecting ovipositor, but has an upper 
and lower genital valve, each comjxrsed ot two horny stylets. The males can 
produce a chirping sound by rubbing the toothed internal edge of the jxxsterior 
femora against the projecting nervures of the wing-covers. In the female, also, 
this stridulating apparatus is present, though in a rudimentary form, and not 
more developed than in the male larvae. The females of many species are able 
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to produce weak chirping sounds. They live principally in fields, meadows 
and mountains, the larvae being present in spring and summer, and the sexual 
animals in late summer and in autumn. They fly with a rattling sound, and 
as a rule, only for short distances. They feed on plants. Tettix subvlata L., 
T. bipunctata Oharp., (Edipoda migratoria L., South and East Europe. 
Enormous swarms migrate together, and distribute themselves in corn-fields, 
causing much damage. Acr idiom tataricvm L., South Europe. 

Fam. Locus tidae (Laubheusclirecken). The body is elongated and usually 
coloured grass green or brown. The antennae are very slender, and the wing 
covers usually lie vertically on the body. The auditory organs are in the tibia 
of the front legs. The females have a projecting sabre-shaped ovipositor, which 
consists of a right and left double valve on the eighth and ninth segments ; 
between the valves there is, on either sida, a style which arises on the ninth 
segment. The eggs are deposited in the earth in late summer or in autumn, 
and there pass the winter. The larvae are hatched in the spring, and after 

many months develop into the 
winged sexual animal late in 
the summer. The Locust kloe 
live in forests and bushes, or 
in fields on the tops of grass 
stalks and shrubs. Locust a riri- 
dissima L., L. cantons Charp., 
Switzerland. Epbippigcra per- 
forata Ross., Italy and South 
Germany. 

Fam. Gryllid® (Grabheu- 
sehrecken). Of thick cylindrical 
body form, with thick free head. 
Antennae usually long and seti- 
form ; wing covers (anterior 
wings) short, placed horizon- 
tally, and the hind wings, when 
rolled up, project far beyond 
them. The anterior legs are 
sometimes digging feet. 

The male gives rise to shrill chirping sounds by rubbing his two wing-covers, 
which present the same structure, against each other, and these sounds probably 
attract the female. During copulation the male attaches to the female 
genital opening a spermatophore, which, as in the ('rvstacca, is carried about 
till it is empty. The females have a straight cylindrical ovipositor, which is 
spindle-shaped at the end ; more rarely they arc without an ovipositor. The 
Grylltdce mostly live beneath the earth in holes and passages, and feed on roots 
and animal matters. The larva? are hatched in summer and pass the winter in 
the earth. Gryllotalpa vulgaris Latr., mole cricket (fig. 462). In gardens and 
fields ; very harmful. They lay two hundred to three hundred eggs, which they 
place, enclosed in a mass of plastered earth, at the end of their subterranean 
passages. Grgllus campestris L., field-cricket (fig. 463). G. domestiem L., 
house-cricket. G. syl vest ris. Fabr. 

Sub-order 2. — Orthoptera Pseudo-Neuroptera. 

The wings thin and membranous, both pairs being similarly 



Fig. 463 . — Oryllm campegtrus £ (rogne animal). 
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constructed. They usually cannot be folded together, and possess a 
network of nervures more or less close. 

Tribe 1. Physopoda. The body small, narrow and flat, with 
tolerably similar wings, covered with delicate hairs. The mandibles- 
are setiform, and the mouth parts are suctorial. 

Fam. Thvlptt'ulcr, ph yxnpux L., found in the flowers of cbickory. 

Tribe 2. Corrodentia. Wings with few nervures, and sometimes 
quite without transverse nervures. The head has strong mandibles 
with toothed internal edges. The first maxillae with hooked masti- 
catory portion, the point of which is furnished with two teeth, and 
with membranous external lobe. The Corrodentia feed on dried 
vegetable and animal substances. 

Fam. Psocidee, booklice. Troctex puhatorivx L., found in collections of 
insects and between papers. Pxomx domesttens Burm., Px. strujoxvs Curt. 

Fam. Termitid®,* white ants. The antennae have from eighteen to twenty 
joints, with two ocelli 
in front of the eyes and 
strong mandibles. The 
delicate wings, which are 
of equal size, lie in rest 
parallel to the body. 

The Termites (fig. 464) 
live together in commu- 
nities. composed of in- 
dividuals of different 
kinds. The winged 
forms are the sexual in- Fig. 104. — a, Male of Terute* luvifugm (regne animal), 

dividuals ; the apterous 

forms are partly the larvae and pupoe of the sexual forms, and partly fully 
develo}>ed (in species of Calotcrmex and Ter me* lucifngus ) sexually aborted 
males and females (neuters). The latter are divided again into soldiers, 
which look after the protection of the community and are provided with large- 
quadrangular head and very strong mandibles, and workers with small 
rounded heads and less projecting mandibles. These individuals under- 
take the other work of the community. In species of Eutermex , every 
trace of sexual organs may be wanting in the neuters. Some species live in 
South Hurope, but the greater number are found in the hot parts of Africa 
and America, where they arc notorious for their ravages and their nests. The 
Termites make their dwellings either in the trunks of trees, often only beneath 
the bark, or on the surface of the earth in the form of hills, in which they 
excavate passages and cavities. The nests of species of Caloteimes arc the most 
incomplete ; they only gnaw passages in wood, which mainly run in the 

* H. Hagen, “ Monographie der Termiten.” Lin. Entomol ., Tom. X. and XIV* 

Ch. Lesp6s, u Recherches sur l’organisation et les inoeurs du Termite lucifuge.” - 
Ann . das M*. Eat. IV. s6r.. Tom. V., 1856. 

Fr. Muller, “ Beitrage zur Kenntniss der Termiten.” Jen. not. Zeitschr.. 
Tom. VII.. 1873. 
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■direction of the axis of the tree. There is no special place for the queon. The 
walls of the passages are usually coated with a thin layer of excrement. In 
species of Enter me x, in which the soldiers have pointed heads, the passages are 
so close to one another that the wood partition between them disapjKsars, and 
the wall of excrement alone separates them/ When the nests project outside 



Fig. 46 i.—b, Pregnant female (queen) of Terms* htcifugu*. c, Pupa, d, Pupa of the second 
form, r , Soldier, f, Worker. <j. Larva. (After Ch. Lespes). 


the tree, they form the so-called spherical tree-nests. There are also nests 
which are attached to trees from outside, and are built of earth or clay. Other 
species of Enternws make their nests in holes in the earth beneath the roots of 
Palms. Some, as Anoplotermex paciflcux, build hills of earth. In this species, 
soldiers are absent ; the males and females leave the community shortly after 
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they have cast their pupal skin, probably copulate after they return from their 
flight to the nest, and then lose their wings, retaining only the basal stump. 

The males remain behind in the community, as according to the works of 
Smeathman, Lesp6s, Bates, etc., a king is said to remain always in the com- 
pany of the queen. After copulation the queen, which remains in the com- 
munity, swells up to an enormous size on account of the enlargement of her 
ovary, and begins to lay the eggs frequently in special places in the nest. 
They are at once carried away by the workers. Ter me* luoifur/vs Ross., South 
Europe. T. fatale L., in tropical Africa, builds hills from 10 to 12 feet high. 
Calotcrmes fiamcollh Fabr., South Europe. 


The larva? live in water and possess 


Ti-ibe 3 : Amphibiotica. 
tracheal gills. 

Fam. Perlid®. Body elongated and flat, with laterally placed eyes, three 
ocelli and setiform antennae . The wings are 
unequal, and the posterior region of the broad 
hind wings can be folded downwards. The 
abdomen has ten segments and two long 
segmented filaments. The wings arc often 
reduced in the males. The female carries the 
eggs for a time in a depression of the nintli 
abdominal segment, and finally deposits them 
in water. The larvae live beneath stones. 

They usually have tracheal gills on the thorax, 
and feed principally on the larvae of Epheme- 
vidtr. JVemvra nebula xa L., Perla hicaudata 
L., j P. ( Ptervnareyx ) retteulata Burm., with 
tufted gills. Found in Siberia. 

Fam. Ephemerid®. May flies. Body slender, 
and soft-skinned, with hemispherical eyes, 
three ocelli and short setiform antennae. The 
front wings are large, the posterior small and 
rounded, sometimes fused with the anterior or 
altogether absent. The mouth parts are rudi- 
mentary. The males have very long front 
legs. The abdomen has ten segments and 
terminates with three long anal filaments, of 
which the median one may be absent. The 
penultimate abdominal segment of the male 
has two jointed copulatory forceps. The May 
flies live only a short time in the winged stage, taking no nourishment and 
devoting themselves entirely to the business of reproduction. We often find 
swarms of them in the air on warm summer evenings and the next morning 
see their dead bodies lying in quantities on the ground. The larva? live at the 
bottom of clear water and feed on other insects. They have a large head with 
powerful mandibles ami toothed maxillae. On the abdomen they l>car six 
to seven pairs of swinging plates, which function as tracheal gills, and at the 
end of the abdomen they have three long feather-like caudal setae. The larvae 
moult frequently (in Chloeou, more than twenty times) and, according to Swam- 
merdam, require three years for the passage into the winged insect. After the 
eedysis of the pupal skin, which is' provided with the rudiments of wings, the 

36 



Fig. 

animal); Af, Anal filaments. 
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winged insect, which is now in the subimago stage, undergoes another ecdysis 
and becomes an imago. Ephemera rulgata L. (fig. 465). Pal in// mi a longU 
vanda Oliv. 

Fam. Libellulidse. Dragon flies. Tiavge slenderly-built insects with freely 
moveable, transversely cylindrical head, short six- to seven- jointed thin and 
pointed antennae, and four large net-like latticed wings. The mouth parts are 
powerfully developed, and are covered by the large upper lip. The maxillae 
have fused homy lobe, and single-jointed sickle-sliapcd palp. The labium 
has a simple or divided internal lobe and separate outer lobes fused with the 
bi- jointed palp. The abdomen has ten joints, and on the last segment two 
unjointed anal styles opposed to one another, so as to form a sort of forceps. 
They live near water, and feed on other insects. The two sexes are usually of 
different coIouts, and their flight is rapid and prolonged. During copulation 
the male clasps the prothorax of the female with his abdominal forceps^ while 
she bends her abdomen towards the base of his abdomen. Here is placed the 
copulatory organ, which is remote from the genital opening, and is filled with 
sperm prior to copulation. The larvie live in water and are predaceous The 
lower lip is modified to form a special predatory apparatus (the mask) (fig. 456). 
Many of them breathe by means of tracheal gills, which are placed at the end 
of the abdomen, or in the rectum. Caloptert/x rin/o L., Ayr ion puelhi L., 
^Exchna grand is L., Libel hd a rvlgata. flaiaola L. 

Order 3. -Neuroptera.* 

Insects with biting ( sometimes also suctorial) 
mouth parts , with free jw other ax and mem- 
branous wings, the nervures of which form 
a net -work. The metamorphosis is complete . 

Most Neuroptera have an outward re- 
semblance to the Libellnlidce and Ephemerida 
while others resemble the Lepidoptera in their 
scaly wings. The two pairs of wings are usually similar and mem- 
branous, and their size is almost equal. They are traversed by a 
close network of nervures which, however, differs essentially from the 
nervation of the Neuroptera-] ike Orthoptera. The front wings never 
have the form of wing-covers, but the hind -wings can sometimes be 
folded together and sometimes not. They may he covered with 
scales and hairs ( Phryyanidcc ). The mouth parts present a greater 
approximation to the Beetles, in that the labium only rarely shows 
any trace of a median slit, the two pairs of lobes being fused to a 
single plate. In one group ( Pit rygani dw) we find suctorial mouth 
parts. The mandibles in this case are aborted, and the labium and 
maxilla* fuse to form a tube. As a rule the antennae are many- 



frlG. 466 . — Pfi nor pa com minus 
(r&gne animal). 


* E. Pictet, “ Histoire naturclle des Neuropteres.” Genf 1834. 
f E. Brauer und Fr. Low, “ Neuroptera Austriaca.” Wien, 1857. 

Brauer. “ Beitrage zur KenntnisB der Yerwandlung der Neuropteren. Verhand . 
dev zool.-bot. Gesellxchaft zn Wien. Tom IV. und V. 
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jointed, filiform or setiform, the eyes of medium size, and the tarsuses 
five-jointed. The prothorax is always freely moveable, and the abdo- 
men is composed of eight or nine segments. The nervous system is 
similar to that of the Orthoptera, and consists of clearly distinct 
thoracic and abdominal ganglia. There is always a muscular gizzard 
on the digestive canal ( Myrnieleontida >, Panorpiclcr). A sucking 
stomach is found only in the Henierobidaz . Six to eight long Mal- 
pighian tubes arise from the hindgut. The metamorphosis is always 
complete. The larvae prey on other animals, and are provided with 
biting or sucking forceps (formed from the mandibles and maxilla?). 
They pass into a quiescent 
pupal stage, in which the parts 
of the winged insect can al- 
ready be made out. The pupa 
is often surrounded with a 
cocoon, but possesses the power 
of locomotion to a certain de- 
gree, since before the animal 
passes out of the pupal stage 
it ceases to be quiescent and 
seeks out a place suitable for 
development. Fossil remains 
are found in tertiary forma- 
tions and in amber. 

Sub-order 1 . Planipennia. 

Front and hind wings similar, 
never capable of being folded. 

The mouth parts are powerful 
and adapted for mastication. 

Fam. Sialidae. With large head 
bent obliquely forwards, and pro- 
jecting hemispherical facetted eyes. 

The wings, when at rest, overlap one another like the slates on a roof. 
The larvae have biting mouth-parts, with four-jointed maxillary palps and 
three-jointed labial palps. Sialh lutaria L., Conjdalis corrwta L„ Raphidia 
ophiopsi# Bchum. camel-neck flies. 

Fam. Panorpidae (Schnabelfliegen). The head is small and placed vertically ; 
the multiarticulate antennae are placed in the frontal region beneath the ocelli. 
The oral region is prolonged in the form of a beak, .The wings are long and 
narrow, and similar to each other. The larvae are like caterpillars. They have 
thirteen segments and a heart-shaped head, and biting mouth-parts. They live 
in damp earth, where they dig horseshoe-shaped passages, and are transformed 
into pupae in oval cavities. Patwrpa communis L. (fig. 466). Bittarus 
tipularins Fabr. 



Fig. 467. — a. Larva of M< antmpa siyriaca after 
hatching, b, The same before the pupal stage 
(after F. Brauer). c, Maniuspa pagana (regne 
animal) . 
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Fam. Hemerobid© (Florfliegen). Head vertical ; antenna filiform. The 
two pairs of wings are transparent like glass and are nearly equal in size. The 
1 arvae suck insects and spiders. Ma n tispa paga na F abr . An terior legs predatory ; 
prothorax much elongated (fig. 407, a, b, r). The larvae, after eight months' 
fasting, bore their way by means of their sucking forceps into the ovisacs of 
spiders, and suck out the eggs and the young. After the first moult, the legs 
are reduced to short stumps, and the body becomes like a Hymenopteran 
maggot. When about to enter the pupal stage, they spin a cocoon in the 
ovisac, and strip off the larval skin in the middle of June. The pupa breaks 
through the cocoon and moves freely about till it casts its skin and is trans- 
formed into the winged insect. Chnjsopa perl a L. The eggs have long stalks. 
The larva; have sickle-shaped suctorial forceps, feed on Aphides and spin 
globular cocoons. Hemerobius Integrals Fabr. The larva; feed on Aphides. 
Osmylvs macvlatvs Fabr.. Ncmoptera (Kematrptera Burm.) con L„ Asia Minoi 
and Turkey. 

Fam. Myrmeleontid© (Ant-lions). With large vertically- placed head: 
antenna* knobbed at the ends ; prothorax short and narrow ; mesothorax 
very large. Wings of equal size. The larvae with toothed sucking pincers 
composed of mandibles and maxilla;, and short broad abdomen, live in light 



sandy soil, in which they hollow out funnels. Before entering the pupal stage 
they spin a globular envelope for themselves (fig. 408). Af yrmelctm form tract vs 
L., M. form i cal y n c Fabr., Valparcs Hbcllvloides L., South Europe. Asralaphvs 
i tali evs Fabr. 

Sub-order 2. Trichoptera.* — Wings covered with hairs or scales . 
the hind wings can as a rule be folded. The mouth parts with 
aborted mandibles ; the maxillae and the labium fuse to form a kind 
of suctorial proboscis. In many cases ( Oestropsidoe Brauer) the 
maxillae and labium as well as the mandibles become aborted during 
the pupal stage. 

Fam. Fhryganidce (spring-flics). The small vertically-placed head with 
long setiforni antennae and hemispherical projecting eyes. The v^ings are 
covered with scales, and have but few ti*ansverse veins. They lie on the back 
in a tectiform manner. The larvae live in water in tubular cases, which, in 


* J. Pictet, “ Recherchcs pour servir & l’histoire et l’anatomie des Pliryga- 
nides,*’ G6n6ve, 1834. 

H. Hagen, “Synopsis of the British Phryganida,” Entomol. Annual for 
1859, 1800, 1801. 
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Uifdroptychc and Rhyacopliila , are fastened to stones. In the walls of these 
cases there are sand grains, bits of plants and empty snail shells. The larvae 
have biting mouth parts and filiform tracheal gills on the body segments. They 
project their horny head and thoracic segments, with their three pairs of legs, 
from these tubes and crawl about. The pupa leaves the case, which serves also 
as a pupal skin, and develops into the winged insect out of the water. The per- 
fect insect resembles the LepUloptera in many respects, and lives near water on 
leaves, and the stems of trees. The female lays her eggs in clumps enclosed in 
a gelatinous case on stones and leaves near water. Phryganea striata L. 
(fig. 469). Mystacidcx quad ri f age i (tug Fabr., Hydropxyrhe variabilis Piet. 

Order 4. — Strepsiptera.* 

Insects with rudimentary anterior winy 8 rolled up at the points and 
large hind wings which can be folded longitudinally . The mouth parts 
are rudimentary . In the female there are neither wings nor legs. The 
larvae are parasitic in the body of Hymenoptera. 

The mouth parts are reduced in the adult sexual animal, and 



Fig. 169.— a, Phryganea mfnata. b, The larva freed from its case (r^jepie animal). 

consist of two pointed mandibles which overlap one another, and 
small maxillae, which are fused with the lower lip and are provided 
with two-jointed palps. The prothorax and mesothorax are two very 
short lings, but the metathorax is unusually elongated, and covers 
the base of the abdomen, which consists of nine segments. The 
males possess small rolled-up wing covers, and very large hind wings, 
which can be folded longitudinally like a fan. The females have 
no eyes, and remain through life without wings or legs like 
maggots; they never leave their pupal skin nor their parasitic 

* W. Kirby, ‘‘Strepsiptera, a new order of Insects,” Transact. Linn. Soc ., 
Tom X. 

v. Siebold, “ Ueber Xenos sphecidarum und dessen Schmarotzer,” Beitrage 
zur Naturgeschichte der wirbellosen Thiere, 1839. . 

v. Siebold, “ Ueber Strepsiptera,” Archiv fur Naturgesch., Tom IX., 1843. 

CurtiR, “ British Entomology,” London, 1849. 
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habitat in the abdomen of wasps and humble bees (Bombyliidce) from 
which they only protrude the anterior part of their body. In copu- 
lation the males are said to open by means of their copulatory 
organ the dorsal tube of the female, which is at first closed. The 
ovaries have no oviduct, and continue as it seems at an earlier stage 
of development, since they — probably like those of the viviparous 
Cecidomyia larvae — produce eggs. The eggs fall freely into the body 
cavity, are fertilized and develop (perhaps sometimes parthenogene- 
tically) into larva', which pass out through the above-mentioned 
dorsal canal and become attached to larva) of bees and wasps (fig. 470). 
Tn this larval state they are able to move about and possess, like the 
young larvae of Cantheridce , three well-developed pairs of legs, and 
two caudal setae on the abdomen. They bore their way into the 

body of their new host. About 
eight days later they undergo 
an ecdysis, and change to 
an apodal cylindrical maggot, 
which becomes a pupa within 
the Hvmenopteran pupa, and 
as such bores its way out with 
its head from the abdomen of 
the latter. The males leave 
the pupal skin and seek the 
females. They seem to live 
only a short time. 

Fam. Stylopidae. A rtf ox Hiwii 
Kirb. (-V. vcxjmrum Ross.) parasitic 
in Polixtrx gallica. St glops melittoz 
Kirb . 

Order 5. — Rhynchota*=Hemiptera. 

Insects with jointed rostrum , piercing ( exceptionally biting) mouth 
parts . With usually free prothorax and incomplete metamorphosis. 

The mouth parts are almost without exception arranged for 
taking lip fluid nourishment, and are usually represented by a 
rostrum, in which the mandibles and maxillfe, as four rigid styles, 
are moved backwards and forwaids. The rostrum, which is formed 

* Burmcister, “Handbuch der Entomologie.” IT. Bd., Berlin 1835. 

J. Hahn, “Die wanzenartigen Insecten.” Niirnberg, 1831-1849. Continued 
by H. Schaffer. 

F. X. Fieber,“Die europaischen Hemipteren nach der analytischcn Mcthode.” 
Wien, I860. 



Fig. 470. — Sty lop* Childreni (after Kirby). «, Larva. 
by Female, c, Male. 
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by the labium, is a three- or four-jointed almost closed tube, which is 
narrowed towards the point, and is covered at the larger open base by 
the elongated three-cornered upper lip. The antennae are either 
short and three-jointed with a setiform terminal joint, or are 
many-jointed and often elongated. The eyes are small and usually 
facetted, but they are sometimes ocelli with a simple cornea. 
Frequently two ocelli are found between the facetted eyes. The 
prothorax is usually large and freely moveable, but all the thoracic 
segments may be fused together. Wings are sometimes quite absent ; 
usually four, rarely two, ' are present. In the first case the front 
wings are horny at the base and membranous at the tip {Hemiptera), 
or the front and hind wings are similarly formed and are membran- 
ous ( Ilomo'ptera ), though the anterior are often stiffer and coriaceous. 
The legs are, as a rule, adapted for walking, but sometimes they 
serve for clinging or swimming. In other cases the front legs are used 
to capture prey, or the posterior for springing. The alimentary 
canal is distinguished by the numerous salivary glands, and by the 
complicated chylific ventricle, which is often divided into three 
regions ; behind the chylific ventricle usually four Malpighian tubes 
open into the kindgut. The ventral cord is concentrated into three, 
usually into two thoracic ganglia. With exception of the Ciccula, the 
female genital organs have only four to eight egg-tubes, a simple 
receptaculum seminis and no bursa copulatrix. The testes are com- 
posed of two or more tubes, the ducts of which are usually dilated 
at the lower end. Many (buys) emit an offensive smell, which pro- 
ceeds from the secretion of a gland placed in the mesothorax or 
metathorax, in tfie latter ease opening between the hind limbs. 
Others (Homoptera) secrete by means of numerous cutaneous glands 
a white waxy film which covers the surface of their body. They all 
live on vegetable or animal juices, to which they obtain access by 
means of the piercing styles of their rostrum. Many of them, by 
their appearance in great numbers on young plants, are harmful, and 
sometimes cause gall -like outgrowths; others are parasitic on animals. 
The young, when hatched, possess the foim and habits of the sexually 
mature animal. They have, however, no wings, which make their 
appearance as small stumps after one of the first moults. The true 
Cicada need several years to effect their metamorphosis. The male 
Coccidce change inside a cocoon to quiescent pupae, and undergo 
accordingly a complete metamorphosis. 

Sub-order 1 . Aptera= Parasitica. Wingless Rhynchota, with short 
fleshy rostrum and broad cutting styles. Sometimes they have 



568 


INSECTA. 


rudimentary biting mouth parts, an indistinctly segmented thorax, 
and an abdomen which usually consists of nine segments. 

Fam. Pediculidae. Lice. With fleshy proboscis-sheath armed with recurved 
hooks, protrusible suctorial tube, and two protrusible knife-like stylets. The 
antennae have five joints. The feet, which are adapted for clinging, have 
hooked terminal joints. The eyes are small and not facetted. The animals 
live on the skin of Mammalia, and suck their blood, and lay their pear-shaped 
eggs in the roots of the hair. The young, when hatched, do not undergo a 
metamorphosis, and the louse which infects the human head, is fully developed 
and capable of reproduction in eighteen days. Pedi cuius capitis Deg. Head- 
louse of man. P. vestimenti Burm. (larger and of pale colour). Phthirins 
pnbislu. (tig. 471). 

Fam. Malloph&ga (Anoplura) (Pclzf reiser). Lice-like in form, with three- 
to five-jointed anteninv, and biting mouth parts, no fleshy proboscis, but a sort 
of suctorial tube. They live on the skin of Mammalia and Birds, and feed on 
young hairs and feathers, but also on blood. Trichodrctes can is Deg. Phil opt crus 

rersirol wBurm., Liothriim 
a user is Sulz. Me nop on 
Nitseh, M. pallidum 
Nit sell, on fowls. 

♦Sub-order 2. Phy- 
tophthires. * Rhyyi- 
chota with two pairs 
of membranous wrings. 
The female is usually 
apterous. The surface 
of the skin is very 
often covered with a 
dense waxy deposit, 
the product of cuta- 
neous glands which 
are placed in groups beneath warty prominences of the segments. 

Fam. Coccidfle (Schildlause). The large females have a shield-shaped body, 
and are wingless. The males are much smaller, and have large front wings, 
and sometimes also rudimentary hind wings. The fully-dcv eloped males 
have no proboscis or piercing weai>ons, and do not take in nourishment, 
while the unwieldy, often unsymmetrical females, which may even have lost 
the segmentation, insert their long rostrum into the parenchyma of plants and 
remain motionless. The eggs are deposited beneath the shield-shaped body 

* C. Bonnet, “Traits d’lnsectologie,” Tom. I., Paris 1745. 

J. F. Kyber, “ Bifahrungen und Bemerkungen liber die Blattlause. ” Germans 
Magaz. der Entomol . Tom. I., 1815. 

J. H. Kaltenbach, “ Monographic der Familie der Pflanzenlause.” Aachen, 
1843. 

R. Leuckart, “ Die Fortpflanzung der Rindenlause.” Archir fiir NatvrgescK ., 
1859. 



Fig. 471. — Phthiriu « pubis (after LandoiB) Sf, Stigma; 
Tr, Trachea. 
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and develop, protected by the drying-up body of the mother. They are generally 
fertilized (Coccus), but sometimes develop parthenogenetically (Lecanium, 
Aspidiotux). Unlike the female (and forming a single exception to what 
otherwise obtains in the order), the males undergo a complete metamorphosis ; 
the apterous larvae surround themselves with a cocoon, and are transformed into 
quiescent pupae. Many Cocrid<r cause great damage in conservatories. Others 
are useful in industry, in that they produce a colouring matter (cochineal), 
while others are useful in causing, by their puncture, an outflow of vegetable 
juices which when dried, are used by man ( Luc , manna). Asp} diet us nerii . 
Bouche, found on the Oleander* Lecanium liexperidum L., L. perxicce BouchA 
Kcrmcx iliris L.. on Quercus coccifera, also K , ? ( (boons) lacca Kerr., on Ficus 
religiosa in the East Indies. Coccyx cart / L., (fig. 472) lives on Opuntia 
cocci nellif era, Mexico, gives cochineal. C. adonidum L., C. (?) mannqtarux 
Bhbg.. on Tamarix (manna). 

Fam. Aphides,* plant-lice. As a rule, there are four transparent wings, with 
a scanty venation. The wings may, however, be absent in the female, and 
rarely in the male. The Aplildcc live on vegetable juices, and are found on 
roots, leaves and buds of quite definite plants. 

They frequently live in the spaces of gall-like 
swellings or deformities of leaves, which arc 
produced by the punctures of the plant-lice. 

Many of them possess, on the dorsal surface 
of the antepenultimate segment, two “ honey 
tubes,’’ from which is secreted a sweet fluid 
— the honey dew — which is eagerly sought for 
by ants. In addition to the usually apterous 
females, which, as a rule, only appear in 
autumn with the winged males and lay 
fertilized eggs after copulation, there are 
also viviparous, usually winged generations, 
which appear principally in the spring and 
in summer, and which produce their living 

brood without the assistance of males. Bon- _ 

, , . J . . . . Fig. 472. — Coccus cacti. a. Female, 

net observed nine g derations of viviparous b Mate (after Burmelster) 

aphides succeed one another. They are distin- 
guished from the true oviparous females, not only by their form and colour, and. 
in many cases, by the possession of wings, but also by essential peculiarities in 
the generative apparatus and the eggs ( psrudova , germs). The receptaculum 
seminis is absent, and the eggs undergo their embryonic development in the very 
long egg- tubes. Viviparous and oviparous aphides usually succeed one another 
in regular alternation, since the fomales lay fertilized eggs in the autumn, 
which survive the winter and in the spring give birth to viviparous aphides, 
the descendants of which are also viviparous, and produce viviparous forms 
through a number of generations. It is only in the autumn that the males and 
the oviparous females are born which copulate. Viviparous individuals of many 
forms seem to pass the winter in ant-hills. Sexual forms (at time of birth 
already mature, wingless and without proboscis) are sometimes found in the 
spring ; they are in all probability produced by such viviparous forms which 
have persisted through the winter. This has been shown to be the case for 

* Derbes, “Notes sur les Aphides du pistachier t&^binthe,’’ Ann. dcs Sc. 
Nat. 1872. 
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Pemphigus terebinthi by Derbes. Here the sexual animals are succeeded by 
apterous asexual animals, which produce the galls, and the descendants of which 
are the winged asexual generations which are dispersed and pass through the 
winter. The reproduction of Chermes and Phylloxera is different, in that in 
place of the viviparous generations there is a special oviparous sexual form, which 
also produces eggs capable of developing parthenogenetically. The apterous 
females of the fir-tree lice pass the winter at the base of the young buds, 
increase in size in spring in the same place, undergo several moults, and lay a 
number of eggs. The young, when hatched, pierce the swollen pointed leaves 
of the young shoots and produce galls. They develop later into winged females. 
In Phylloxera querntx. besides the two generations, there is another genera- 
tion, which appears in autumn and consist*- of very small movable males and 
females (without suctorial proboscis or alimentary canal). These animals arise 
from two kinds of eggs which are laid on the roots. The female, after copula- 
tion, lays only a single egg. It is the same with the famous vine-lice (Ph. 
vastatrix ), the larvae of which pass the winter on the roots of the vine 

(fig. 478). The principal enemies 



Fig. 4 73.— Phylloxera vartafruc. a. Wingless root louse 
seen from tlie back, h, from the ventral surface, 
c. Winged form. 


of the Aphides are the larvae of 
the lehneumonidce (Aph id nix'), 
Syrphidce, Coer incite &ud Heme - 
robtdtv. 

a. Leaf-1 ice, s. st. Sch izonenra 
laniyera Hartg., on apple trees. 
Larhnux pini L., L. juglandh 
L., L.fagi L., A pi us brassiere 
L., -1. rostr L. 

h. Bark-lice. Chermes abietis 
L., (%. laving Hartg., Phyl- 
loxera (fuereu* v. Heyd., on oak- 
leaves. Ph. vaxtatrix , vine- 
lice, with winged and apterous 
generations. 

Fam. Psyllid® ( Psyllodes ), 
leaf-fleas. Antennae long, with 
ten joints. In the fully-develo{>ed 
stage always winged. The hind 


legs serve for springing. Their puncture often occasions deformities of dowel’s 
and leaves. Psylla alni L.. Li Ha juncorum Latr. 


Sub-order 3. Homoptera-Cicadaria. Both pairs of wings are, as 
a rule, membranous. Sometimes the front pair is coriaceous, not 
transparent and coloured. They lie, when at rest, obliquely on the 
body. The head is relatively large, and often prolonged into pro- 
cesses. The rostrum always arises low down, and apparently between 
the front legs ; it has three joints. In many species the hind legs 
are springing legs, with which the animal jumps before flight. The 
females have an ovipositor, and often lay the eggs beneath the bark 
and in the twigs of plants. The larvee of larger species may live 
several years (fig. 474). 
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Fam. Cicadellid® (Kleinzirpen). Jaxsux bigutfatvx Fabr., Lcdra aurita 
L., Tettigon 'm rittata L. Aphropliora . Thu prothorax is trapezoidal (seven- 
cornered). The larvre eject a bubbly foam out of the anus (cuckoo-spittle), 
and envelop themselves in it. The wing covers are coriaceous. Posterior 
tibise have three strong spines. A. spurn aria L. 

Fam. Membracids (Buckelzirpen). Ceutrotus covitntux L., Membraois 
laterally Fabr. 

Fam. Fulgoridse (Leuchtzirpen). In many S 2 >ecies the abdomen is thickly 
covered with long strings and flakes of wax, which in one species ( [Flata 
hmhat(i) is so richly secreted that it is collected and sold as Chinese wax. 

Fulgara laternaria L., the lantern carrier of Surinam, is erroneously said by 
Mcnan to emit light from its lantern-shaped fiontal process. F. candclaria 
L., Chinese lantern-carrier. Lyxtra lanata L., and other American species. 
Flat a Ihnbata Fabr., China. 

Fam. Cicadidae = Stridulantia (Singcicaden). The thick abdomen of the 
male is provided with a voice organ, which produces loud, shrill, chiiping 
sounds (fig. 474). They are very shy. and remain concealed between leaves in 
the day time. They 


feed on the juices 
ot young shoots, and 
their puncture causes 
a flow of sweet plant 
juices, which harden 
and become manna 
{Cicada arm L., 
Sicily). The females 
have a saw-like ovi- 
positor placed be- 
tween two punted 
valves. The larvae, 
when hatched, crawl 
on the earth, into 
which they burr m 
with theii shovel-li.ve 
front legs, and suck 
the juice of -roots. 



Fig 474. — Cicada arm 
(, Male, 



a 


(after Packard), a, Larva, b, Pupa. 
Ty, Singing' apparatus. 


(Ucada arm L., South Europe. C. xt ptemdechu Fabr., Brazil. C. lucmatodi s L., 


South Germany. 


Sub-order 4. Hemiptera (Bugs). The mugs of the front pair are half 
horny and half membranous ( liemielytra ), and lie horizontally on the 
body. Many species are apterous, as are the females of some species 
of which the males have wings. The first thoracic segment is large, 
and freely moveable. The proboscis arises from the frontal region, 
and when at rest usually lies folded beneath the thorax. Some 
species of the Pedttvidce produce a shrill sound, as Pirates stridulus , 
by the movement of the neck on the prothorax. 

Tribe 1. Hydrocores = Hydrocoris® (Water-bugs). The antennae- 
are shorter than the head, having only three or four joints, and are 
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more or less hidden from view. The rostrum is short. They 
feed on animal jjiices. 

Fam. ITotonectid® (Riickenschwimmer). Corixa striata L., Notoneota glauca 
L., water-bug. 

Fam. Nepid®, water-scorpions (fig. 475). Nauru rut cimicoides L., Xepa 
einerea L., water-scorpion. Ranatra linear ix L. 

Tribe 2. Geocores (Land-bugs). Antennae directed forwards, and 
of medium length, having four or five joints. The rostrum is usually 
long. 

Fam. Hydrometridae (Plot e res) (Wasserlaufer). Hydrometra larustri* L., 
Limnobates stagnorum L., Vella rivulorum Latr. 

Fam. Reduvid® (Rede rim) (ttchreitwanzen). Reduriu * personates L., 
Pirates stridulus Fabr., South Europe. 

Fam. Acanthiad® ( Membranacei ), skin-bugs. Acanthia lectularia L., bed- 
bug. Aradus depressns Fabr. (oorticalis L.). 

Fam. Capsid® (Blindwanzen), Capsus trifascia tns L., 
A ft rig erraticus L. 

Fam. Lyg®id® (Lyg erodes) (Langwanzen). Lygcens 
eguestrts L.. Pyrrhororis apterus L. (Feuerwanzc). 

Fam. Coreid® (Coreodes) (Randwanzen). (Wens 
marginatns L., Alydns calraratus L. 

Fam. Pentatomid® (Schildwanzen). Peutatoma juni- 
per a L., P. rufipes L., P. oleracea 

Order 6. — Diptera * (Antliata). 

Insects with piercing and sucking 'mouth parts, 
with membranous front wings. The hind wings 
reduced to small knobs ( ludteres ). The metamor . 
phosis is complete. 

The designation of this order, which is de- 
Fig. 475. Nepa cnierea r i ve( j f rom the apparent number of the wings, 

does not correspond .accurately to the actual 
state of matters. Two pairs of wings are present, the front pair 
always as large glassy and transparent plates, the hind pair in a 
rudimentary condition as stalked knobs ( halteres ). On the inner 
margin of the front wings two lobes are marked off by indentations ; 
an outer lobe (alula), and an inner one (squama) which may cover 

* J. W. Mcigen, “ Systematische Beschreibung der bekannten europaischen, 
zweifliigeligen Insecten,” 7 Theile. Aachen, 1818-1838. 

Wiedemann, “ Aussereuropaische zweifliigelige Insecten,” 2 Theile. Hamm. 
1828-1830. 

N. Wagner, Ueber die viviparen Gallmiickenlar ven, ” Zeitschr. fiir. wiss. 
Zool ., Tom. XV., 1865. 

A. Weissmann, “ Die Entwickelung der Dipteren,*’ Leipsig. 1864. 

A. Weissmann. *• Die Metamorphose der Corethra plumicornis,” 1866. 
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the hind wings. The latter are composed of a spherical head at the 
end of a thin stalk. Leydig described at the base of the halteres a 
ganglion with nervous rods, which he concluded was an auditory 
apparatus. The head is freely moveable, and usually spherical in 
form. It is articulated to a short and narrow neck, and is dis- 
tinguished by the large facetted eyes, which in the male sex 
may meet in the median line of the face and frontal region. 
There are as a rule three ocelli. The antenna 4 are constructed on 
two different types ; they may either be very short and composed 
of three joints, frequently bearing a tactile hair at the extremity 
(arista), or they may be filiform and of considerable length and 
composed of a great number of joints. But since in the first case 
the terminal joint is again divided into a number of smaller joints, 
and tho tactile hair may be also jointed, it is impossible to draw a 
sharp distinction between the two types. The mouth parts form the 
kind of suctorial tube known as a proboscis (haustellum), in which 
the jaws (mandibles and maxillae) and an unpaired rod (< epipharynx } 
attached to the upper lip may appear as homy, setiform or knife- 
shaped piercing organs. When the maxillae only are present as. 
paired rods, the unpiired piercing stylet seems to correspond to the 
fused mandibles. The proboscis, which is principally formed by the 
labium, ends with a swollen spongy tongue, and is without labial 
palps, while the maxillae are provided with palps, which, in cases of 
fusion with the labium, are situated on the proboscis. The abdomen 
is frequently stalked, and consists of five to nine segments. The legs 
have five-jointed tarsuses, which end with claws and usually with 
sole-like lobes lor attachment. 

The nervous system presents very different degrees of concentra- 
tion according to the length of the body. While in flies of very 
stout build, the ganglia of the abdomen and thorax fuse together to 
form a common thoracic ganglion : in the Biptera with longer 
bodies, not only are the three thoracic ganglia distinct, but several, 
even five or six, separate abdominal ganglia are present. With 
regard to the alimentary canal, the presence of a stalked suctorial 
stomach as an appendage of the oesophagus and the number — four — 
of the Malpighian tubes may be mentioned. The two tracheal 
trunks are dilated to two great vesicular sacs at the base of the 
abdomen. This is correlated with the power of active flight possessed 
by these insects. 

The male genital organs consist of two oval testes with short vasa 
deferentia, to which are added firm copulatory appendages. The 
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ovaries are not connected with any special bursa copulatrix, but 
have three receptacula seminis in connection with the vagina 
(tig. 449), and often end with a retractile ovipositor. 

There is rarely a striking difference between the two sexes. The 
males have as a rule larger eyes, which in some cases meet each other 
in the middle line ; their abdomen also is frequently differently 
shaped to that of the female, and in exceptional cases the colouring 
is different (Bibio). The mouth-parts, too, may differ ; for example, 
the male gad-flies (Tabaiiidw) are without the knife-shaped mandi- 
bles, which form the principal part of the female armature. The 
males of the Culicida * also are without the piercing weapons, and 
have multiarticulate hairy antenna*, while the antejmse of the female 
are filiform, and are composed of fewer joints. 

The metamorphosis is complete, and 
& f the larva*, which are usually apodal, 

have either a clearly separate head 
with antenme and ocelli (most Nemo- 

^ ^ cem )> or a s h°i‘t, usually retracted, 

nfLjlw\ cephalic region, without antenna* or 

u j eves (at most with an X-shaped pig- 

1 f» e ment spot), with quite rudimentary 

J/ % mouth parts, sometimes with two oral 

hooks, serving for attachment. 

In the first case the larva* have 
Myt jlfe a masticating mouth-parts and feed on 

other animals ; in the latter case they 
are known as maggots and suck up 
Fig. m.—Meiophagtus ovmtc*. h, H<p - or semi-liquid substances. After 

/toboxm rqtuna (after Packard) . 

several moults the larva* either change 
within the hardened larval skin to pupa* (P. coarctata ), or casting 
the larval skin are transformed into moving pupae (. P . obtecta ), which 
often swim freely in water, and may be provided with tracheal gills. 
The differences which the development of the winged insect from 
the larval organism presents in the two groups have been already 
mentioned (p. 550). 

Many Diptera when flying give rise to buzzing sounds. This is 
caused by the vibrations of various parts of the body ; partly of 
the wings and partly of the segments of the abdomen, with 
participation of the voice apparatus on the four stigmata of the 
thorax. Here, beneath the margins of the stigmata, the tracheal 
trunk forms a vesicle with two delicately folded leaflets, which 
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are set in vibration beneath two external valves by the expiration 
of air. 

Sub-order 1. Pupipara* (fig. 476). Lice flies. The body is 
stout ; the three thoracic segments are fused together, the abdomen 
is broad and often flattened. The antennae are short, and often 
consist of but two joints. The suctorial proboscis is formed by the 
upper lip (labrum) and the maxilla*. The legs are provided with 
toothed clasping claws, and the wings may be rudimentary or 
absent. The development of the embryo and of the larva takes 
place in the uterus-like vagina. The maggot which issues from the 
egg (without pharyngeal framework oi* buccal hooks) swallows the 
secretion of large glandular appendages of the uterus (fig. 451 ) ; it 
undergoes several moults, and is completely developed when it is 
born, which occurs just before it enters the pupal stage. They are 
parasitic, like lice, on the skin 
of warm-blooded animals, rarely 
of insects. 

J Braula ccpea, Nitzsch.. Bee louse. 

Nyctenbia Latredlei Curt., without 
eyes and. is parasitic on species ot 
Vespertilio. Melopluujn s orinvx L . 

Sheeptick. Ana per a pallida Mcig., 
parasitic on Swallows, llippoboxea 
eqvina L.. hoi ‘■e-louse. 

Sub-order 2. Brachycera 
(Flies). Body of very various 
shape, frequently tliick and 
stout, with an abdomen com- 
posed of from five to eight segments. Antenna? short, and usually 
composed of three joints with large, usually secondarily ringed 
terminal joint, to which is attached a simple or ringed bristle. 
Wings are almost always present. The larva? live in decaying 
matter in earth and water, partly also as parasites ; they are, in 
greht part, maggots with hooked jaws, and pass into the pupal 
stage within the moulted cask-shaped larval skin (fig. 477). Many 
of them have the form of a pupa obtecta. 

Tribe 1 . Muscaria. With frontal vesicle ; proboscis usually with 
fleshy terminal lobe ; maxilla? as a rule aborted ; larva? without jaw 



Fig. VJ7 — Ga*trop\ihut eqm (after F. Brauer). 
o, Larva, b, Male. 


* L. Dufour,'*‘ ijtudes anatomiques et physiologiques sur les Insectes Dipt^res 
de la famille des Pupi pares.” Ann. (lex Sc. Nat., II. ser., Tom. III., 1843. 

R. Leuckart, “ Die Fort p flan zung und Entwiekelung der Pupiparen.” A bhand . 
der natvrf. Orselhchaft zv Halle , Tom. IV. 
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capsule and as a rule with two or four oral hooks. The pupae are 
always barrel-shaped. 

Fam. Phoridse. Phora irhcrassata Meig. Live as larvae in Bee hives. 

Fam. Acalyptera. Trypeta Car did L„ Tr. si gnat a Meig., in cherries. 
Chlorops Uneat a Fabr. (Weizenfliege). Larvae in blades of grass. Scat op hay a 
st error a via L., dung-flies, on dung heaps Piophila caxei L., cheese-flies. 

Fam? Muscidae. Musea domestic a L., house-fly. M. Cerxar L. (Uoldfliege). 
M. vomitoria L., the abdomen is of a shining blue colour. M. cadarerina L.. 
(Aasfliege). Sarcopliaga ra maria L. (Fleisohfliege), viviparous. Taeltina 
pup arum Fabr., T. ( Chrysosoma ) riridis Fall., T. grossa L., T. larvarum L. The 
larvae arc parasitic, principally in caterpillars. 

Fam. Conopid®. Con op* ffavipex L., the larvae live in the alxlomen of 
H y men opt era . C. rnjipe s Fabr. (in (Edipoda ). 

Fam. Stomoxyid®. Stomoxys ealeitram L. (Stechfliege), resembles the 
house-fly. 

Fam. (Estrid©* (Biesfliegen). The proboscis is aborted. The females have 
an ovipositor and lay their eggs or their living larvae (in which case the 
ovipositor is absent) on certain places on Mammalia, e.g., in the nostrils of 
Stags, or on the breast of the Horse. The larva* with dentated body rings, 
and frequently with oral hooks, live in the frontal sinuses, beneath the skim 
and even in the stomach of certain Mammalia. Under the skin they produce 
boils. Hypoderma bo vis L. II. Artec on Br., on the Stag. II. tarandi L. 
Dermatobia hominis Goudot, on Ruminants, Felidec (Jaguar) and Men in 
South America. (Entrust auribarbis Wied. The larvae are brought by the flies 
into the nasal cavities of the Stag. Gasttrvx ( Gant roph dux ) equi Fabr. (fig. 
477). The egg is deposited on the breast of the Horse, and licked off by the 
latter. The larva, when hatched, attaches itself to the walls of the stomach by 
its oral hooks, undergoes several moults, and is passed with the excrements 
before the pupal stage. 

Fam. Syrphid© (Scliwebfliegen). Syrphust pirastri L., Erixtalix tenax L., 
E. ccnem Fabr. Larvae with respiratory tube, in sewers and stagnant water. 

Fam. Platypezid© (Pilzfliegen). PI. boh‘tina Fall. 

Tribe 2. Tanystomata. The proboscis is usually long and has 
styliforni predatory jaws. Larva* with jaw sheath and hooked jaws. 

Fam. Dolichopodid®. Dolieluspnx pennatus Meig. D. nob Hi tat us L. 

Fam. Empid® (Tanzflicgen). Empix texxeluta Fabr. 

Fam. Asilid© (Raubfliegen). As dux germ an tens L., A. crabroniformis L., 
Lapbria gibbosa Fabr. L. Jiava Fabr. 

Fam. Bombyliid© (Hunimelfliegen). Anthrax morio Fabr. (xinvatus Fall.). 
The larvae live in the nests of Megacbile mvraria and Osmia trioornis . 
Bombay I ivx major L., B. wed tv* L. 

Fam. Henopiid©. Berwps gihhoxvx L. (Mundhornfliege). Lasia flavitarsi* 
Wied. 

Fam. Therevid© ( Xylot outer ). (Stilettfliegcn). Flier era annulate Fabr. 

Th. plebeja L., Sreuopi nux fenestralis L. 

Fam. T&banid© (Gadflies). Proboscis short, horizontally projecting, and 
provided with six or four (male) stylets and two-jointed palp. lnj;hc male 

* F. Brauer, “ Monographic der CEstriden.” Wien, 1803. 
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the knife-shaped mandibles are >vanting. Their puncture is severe, and they 
suck blood. Ckrywps cccrutiens L., Tab any s ho emu* L. (Rinderbrcmse). 
JIfpmat(*pota pluvialis L. (Regenbremse). 

Fam. Leptid© (Schijepfenfliegen). Ltptix xcolopaeea L., L, rermileo L ., 
South Europe. The larva digs holes in the sand, and there, like the Ant-lion, 
captures insects. 

Fam. XylophagidsB (Holzfliegen). Xylopkagug macnlato* Fabr. The larva} 
live in beech wood. Bcrix claripr* L. 

Fam. Stratiomyid© (Waffenflicgen). Stratum#* chamwleon L., St. Odon 
tomyia hydrolcoii L., Naryus rvprarnut L. 

Sub-order 3. Nemocera (Tipulariae). Longhorns (fig. 478). 
Diptera of elongated form, with many-jointed, usually filiform, 
antennae, which in the males are sometimes tufted. They have long 
slender legs, and large, 
naked or hairy wings. 

The palps are usually 
of considerable length, 
and with four or five 
joints. The proboscis 
is short and fleshy, 
and often armed with 
piercing seise. The 
halteres are free. The 
larvae have .usually a 
perfectly differentiated 
head (Eucepliala), more 
rarely a retractile jaw 
capsule ( Tiputidw, Ceci - 
domyia) ; they live in 
water, 111 earth, and Fig 478.— Cectdomt/ia irittci (after Wagner), a. Female 
in vegetable matter With protruded ovipositor, b, Larva. c ,rupa. 

(galls and fungi), and some of them have a respiratory tube. 
After moulting the larval skin the eucephalous larvse become cpiies- 
cent or freely moveable pupae ; the latter are provided with tracheal 
gills on the neck and tail. The insect when hatched swims, till the 
wings are hard, on the bur$t pupal skin as on a boat. The females 
of many species suck blood (gnats), and become a veritable pest in 
certain districts where they appear in swarms. 

Fam. Bibionid© (Muse i form**). Body flv-like ; antenna* six- to eleven- 
jointed. The abdomen has seven segments. Jiibio marei L., JB. hortulanv * L. 
The males are black, the females brick red with a black head. Simnlia reptan * 
L., S. columhacschensi* Fabr. (Kolumbaczer Miicke). Suck blood. In Hun- 
gary they attack the herds of cattle in swarms. 
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Fam. Fungicol® (Pilzmiicken). The larvae, which are without rudimentary 
feet on the second segment, live in fungi. Soiava Tomcc L. The larvae before 
entering the pupal stage come together in great numbers, and wander about in 
long sinuous chains. Mycetophila fusra Meig., (Pilzmiickc), Sciophila macu - 
lata Fabr. (Schattenmiicke). 

Fam. Noctuiformes (owl-like gnats). Pxychoda pltalatioidrs L., Ptychoptera 
cent a niinata L. (Faltenmiicke). 

Fam. Culiciformes. The larvae live in water, in rotten wood, or in earth. 
CJdronomvx plumoxux L., Corcthra plumicornix , Fabr. The larvae have four 
tracheal vesicles and a circle of set® on the anal segment ; live in water. 

Fam. CulicidflB (gnats). The larva; live in water and have respiratory tube 
and appendages at the posterior end of the body. Culexpipiem L. (Singmucke). 
The palp of the male is tufted and longer than the proboscis. The females 
sting. 

Fam. Gallicolae (gall-flies) The larvae live in galls. Ceeidomyia dextmetor 



Fig. 479. — a, Pul ex avium (after Tascheubcrg) A Ante uhh ; Mt. Maxillary pa lp. b, Larva 

of Pulix irrttu n*. 

Say, Hessian fly. Notorious in the United States as a destroyer of crops since 
the year 1778. Imported (?) into the country in straw by the Hessian troops. 
C. tritiei Kiib., in wheat. C. uccahna Loew. C. xuiiris Sohrk. etc. The vivi- 
parous larvae belong to the genus Miastor. 

Fam. Limnobiidee (Schnaken). The larva; are found in earth or rotten 
wood. Tipula oleracea L., (Kohlschnaken). Ctenophora atrata I,. (Kamm- 
miicke). 

Hub-order 4. Aphaniptera (Fleas). Dipt era, with laterally com- 
pressed body and distinctly separated thoracic rings. Wings are 
absent, but there are two lateral plate-like appendages on the meso- 
and meta-thorax. The antennae are very short and arise in a 
depression behind the simple ocelli. The mandibles have the form 
of toothed saw-like stylets, the maxillae are broad plates with four- 
jointed palps. The under lip (labium) is three- jointed and forms 
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the proboscis sheatli. The larva? have a distinct head and jaws 
(% 479). 

Fam. Pulicid®. Pulex irritant L., flea of man. The dorsal surface of 
the male is concave and serves for the reception of the larger female. The large 
apodal larvae have a distinctly separated head, and live in sawdust and 
between boards, where the elongated oval eggs are debited. Sarcopsylla, 
penetrans L., sand-flea (Chigoe), lives free in South America in the sand 
(fig. 480). The female however bores into the skin of the human foot and of 
various Mammalia, and there deposits tlic eggs. The escaping larvae give rise 
1o ulcers. 

Order 7. — Lepidoptera* (Butterflies). 

Insects with suctorial mouth parts, which form a spirally rolled 
proboscis , with four similar wings which are completely covered with 
scales , with fused prothorax and complete metamorphosis. 

The head is moveably articulated and thickly covered with hairs. 
It bears semi- 
circular facetted 
eyes and some- 
times two ocelli. 

The antenme are 
always straight 
and many- 
jointed, but vary 

much in form, Fir,. 480. -a, Gravid female of Surcopsylla penetrans, b, Foot of n 
. . ... , . field mouse with Rhyuchopnou attached (after H. Karsteii). 

being often seti- 

form or filiform, or even club-shaped, and not rarely denticulate or 
pectinate. The mouth parts are modified for sucking up fluid 
nourishment, especially the nectar of flowers, but are occasionally 
very short and hardly capable of being used. The upper lip and 
mandibles are reduced to rudiments, but the maxillae are elongated 
and closely jointed, and their inner sides are grooved, so that when 
applied together tliey form a tube — the spirally rolled proboscis 
(flg. 481). The proboscis is furnished with small spines used for 
tearing the nectaries of flowers ; while the nectar ascends through 
it into the mouth, being sucked up by pumping movements of the 

* E. J. C. Esper, “ Die europaischen Schmetterliuge in Abbildungen nach 
der Natur, mit BeschTeibungell. ,, 7 Bde. Erlangen, 1777 — 1805. 

F. Ochsenheimer uud F. Treitsclike, “ Die Schmetterlinge von Europa.” 10 
Bde. Leipzig, 1807-1835. 

W. Herrich- Schaffer, *• Systematische Besclireibung der Schmetterlinge von 
Europa.” 5 Bde. Regensburg, 1843-1855. 

W. Herrich- Schaffer, “ Lepidopterorum exoticorum species novae aut minus 
cognitae. Regensburg. 1850-1805. 
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oesophagus. The maxillary palps are as a rule rudimentary (except 
in the Tineidce). When at rest the proboscis lies rolled up beneath 
the mouth, and on either side of it are placed the large three-jointed 
labial palps, which are often tufted with hairs and are situated on 
the rudimentary triangular lower lip. 

The three thoracic rings are intimately fused with one another, and 
like almost all external parts of the body are thickly covered with 
hairs. The wings are in most cases very large, but in rare cases 
are quite rudimentary (female Geometridce ) ; the anterior are the 
largest, and are distinguished by their partial or complete covering of 
scale-like * hail's which overlap one another in a tectiform manner, 
and cause the extremely various colouring, tracing, and iridescence of 
the wings. These scales consist of small, usually finely ribbed and 



toothed plates, which 
are attached by styli- 
form roots in pores of 
the integument of the 
wings, and are com- 
parable to flattened 
out hairs. They arise 
(luring the pupal 
period. The arrange- 
ment of the nervures 
is of systematic value. 
The essential arrange- 
ment is a large median 
cell near the root of 
the wing, from which 


mandibles ; Mxt maxillary palp ; Mx, maxilla ; Lt, labial six to eight radial 
palp j ir, labrum. * 6 

nervures pass to the 

external lateral edges, while above and below the middle cell single 
independent nervures run parallel to the upper or lower fringed 
margin. The two pairs of wings are frequently connected with 
one another by retinacula, the upper edge of the hind wings being 
covered by spines or setae, which catch in a band of the anterior 


wings. The legs are delicate and weak, their tibiae are armed with 


spurs of considerable size. The tarsuses are in general five- jointed. 
The abdomen has six or seven segments and is thickly covered with 
hairs, and ends not unfrequently with a strongly projecting tuft of 
hairs. 


Nervous system. — The brain is bi-lobed, and is provided with large 
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optic lobes, and special swellings for the origin of the antennal 
nerves. The ventral ganglionic chain is reduced, leaving the subceso- 
phageal ganglion out of consideration, to two thoracic ganglia (of which 
the larger second ganglion shows traces of constrictions and arises 
from the fusion of four ganglia) and four or live ganglia in the 
abdomen. In the larval condition, on the other hand, there are 
eleven pairs of ventral ganglia. 

The alimentary canal possesses a long oesophagus, which is 
connected with a stalked suctorial stomach, and usually six much 
coiled Malpighian tubes, of which the three on either side open by a 
common duct (figs. 47 and 48). 

Generative organs. — The ovaries consist on either side of four 
very long many-chambered egg- tubes, which contain a great quantity 
of eggs, and have, in consequence, a moniliform appearance. The 
duct apparatus always possesses a long-stalked receptaculum seminis 
with glandular appendages, and a large 
bursa copulatrix which opens indepen- 
dently beneath the genital opening. The * 
two long testicular canals are packed to- 1 
gether so as to form an unpaired, usually a 
brightly coloured body, from which pass 
off the two vasa deferentia, which are 
much convoluted and receive the con- 
tents of two accessory glandular tubes 
before uniting to form a ductus ejaCU- Fig.4S2.— a. Female of Psyche helix. 
latorius. The two sexes are often so h > Mal ®- <•* Case of the male j d, 

of the female caterpillar. 

different in size, colour, and the struc- 
ture of the wings, that there is a sexual dimorphism. The 
males are often more- brightly and beautifully coloured (a means 
of exciting the females). The dimorphism, or even polymorphism 
(seasonal dimorphism), found in the female sex of many butterflies, 
is worthy of remark. Parthenogenesis occurs exceptionally in silk- 
worms ( Bombyx mori), in many Psychiclce , and some moths Soleno - 
bia), the larva-like females of which have no wings (fig. 482). 

Development.— The larvae when hatched (caterpillars) possess 
masticating mouth parts and feed principally on plants, leaves and 
wood. On the head, which is large and covered with hard skin, 
there are a pair of three- jointed antennae and six ocelli, each of 
which is divided into three parts. In all cases there are abdominal 
feet behind the three pairs of conical five- join ted thoracic legs. 
There may be only two pairs of such legs, as in the caterpillars of the 
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Geometridw, or five pairs, which then belong to the third to the sixth 
and the last abdominal segments. The caterpillars establish them- 
selves before passing into the pupal stage in some protected place, or 
they spin cocoons and become transformed into pitpce obtectce *, from 
which the winged insects issue either in a few weeks or in the 
following year. The winged insects, as a rule, live only for a short 
time, and die after copulating and laying their eggs. Some of them, 
however, pass the winter in sheltered localities (IthopcUocera). Some 
very widely distributed species of caterpillars cause great damage 
to forests and cultivated plants, a damage which is, however, limited 
by the persecution which they suffer from certain Ichneumonidce and 
Tacldnaria. Fossil remains of butterflies have been found in tertiary 
formations and in amber. Linnaeus’ classification of the Lepidoptera 
into diurnal, twilight, and nocturnal butterflies has been superseded 
by the establishment of several groups and a number of families: 

Tribe 1 . Microlepidoptera. Very small and delicately formed 
Lepidoptera , usually with long setiform antenme. The caterpillars 
have as a rule sixteen legs, of which the abdominal feet are provided 
with a circle of hooks round the sole. Many of them bore passages 
in the parenchyma of leaves, others live in leaves folded together, 
and others in buds. Some few are found in water, e.y ., Nymphula 
and other Pyralidce. The greater number remain hidden during 
the day. 

Fam. Pterophoridae (Federgeistchon). Plume-moths. Pterophnfnx pe'nta- 
daetylvx L., Pt. pterodactylux L., Alucita he. ra dactyl a L. 

Fam. Tineidae Yponomevta e cony null a L.. spindle-tree moth. The cater- 
pillars live together in cocoons ; several species live on fruit trees. Sole n obi a 
pineti — ltrhenella L., S. triquetrella Fisch. . It., the female is apterous. The 
caterpillars (sac-bearers) live in short sacs. Some of them reproduce partheno- 
genetieally. Tinea yrunel la L., (Kornmotte). Lays its eggs in grain. The 
caterpillars (known as grain worms) eat the grain. T. pell ionella L., (Pelzmotte) 
T. tapezella L. (Tapetenmottc). Clothes-moth. 

Fam. Tortricidae (Wickler). Tortrix viridana L., in the oak. jttrapholitha 
funebrana Tr., in plums. Gr. (('arpocajtxa') pomonella L., in apples. 

Fam. Pyralid® (Ziinsler). ('rambux paxcuellux L., Botyx urticalis L., 
Galleria mellioaella L., in bee-hives. Pyralix pinyntnali* L. (Fettschabe). 
Tabby-moth. Scojnda f foment alix L. (Saatmottc). 

Tribe 2. Geometrina. Loopers. For the most part of slender build 
and with large wings, which in repose are tectiform. The antennae 
are setiform and the basal joint is thickened. The caterpillars have 
ten to twelve feet ; they move in a looping manner. When at rest 

* Compare M. Herokl, Entwickelungsgeschichte der Schmetterlinge. ’* 
Cassel und Marburg. 1815. . , 
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they cling with the posterior feet. Many species are hurtful to fruit 
trees. * 

Fam. Phy tome t rid®. La rent ia pop (data L., Cheimatobia hrumata L.. frost 
butterflies. The females, which have rudimentary wings, lay their eggs on the 
trunks of fruit trees in late autumn. 

Fam. Dendrometrid®. Acid alia oehreata Scop., Oeomutra papiVonaria L., 
Abra.vax ( Zerene ) groxsnlariata L., harlequin, Magpie Moth. 

Tribe 3. Noctuina (Eulen). Nocturnal Lepidoptera with broad 
body which is narrower behind, and dull coloured wings. The 
antennae are long and setiform, in the male sometimes pectinate. 
The wings when at rest are tectiform. The legs are long and have 
strong spurs on the tibia 1 . The caterpillars, which are sometimes 
naked, sometimes covered with hairs, have usually sixteen, more 
rarely, in consequence of the reduction 01 * absence of the anterior 
legs, fourteen or twelve legs. The greater number pass the pupal 
stage in the earth. 

Fam. OphiuBid® (Ordensbiinder). Cat oral a parang mpha L. (gelbes Ordens- 
band). ([ fra,nni L. (blaues Ordensband). C. uupta L., C xponm L., 61 
promnm Esp. (rothe Ordensbander). 

Fam. Plusiad® (Goldculeu). Pluxia gamma L., PI. ehrysiti .s L. 

Fain. Agrotid®. Agrottx xegrtum tr. A.tritiet L., Tripluena pro nub a L. 

Fam. Orthosiad®. Orth ox ia jot a L. 

Fam. Cuculliad®. Cue u lli a rerbaxei L., C. abxynthd L. 

Fam. Acronyctid®. Aero ny eta pxi L., A. rumiei x L.. DUoba e tarul eoceph ala 
L. The caterpillar is harmful to fruit trees. 

Tribe 4. Bormbycina (Spinner). Nocturnal Lepidoptera of clumsy 
build, with body thickly covered with hairs so as often to have 
a woolly appearance. The antennae are setiform, and in the male 
pectinate. The wings are tolerably broad and tectiform w T hen at rest. 
The larger and clumsier females Hy but little ; but the males, which 
are often brightly coloured, move with greater rapidity. In some 
cases the wings are reduced ( Oryyia ) or are absent {Psyche) in the 
female sex. The eggs, which are often laid in groups and are covered 
with a woolly mass, give origin to caterpillars with sixteen legs and 
a thick covering of hairs ; the caterpillars spin complete cocoons in 
which they become pupae above ground. The caterpillars of some 
species live together in common cocoons ; some {Psychidce) prepare a 
sac in which they conceal their bodies. Parthenogenesis occurs. 

Fam. Euprepiad® (Barenspinner). The caterpillars with very long hairs, are 
known as bear caterpillars. Eupnpia caja L., E plant ag ini* , etc. 

Fam. Liparidn. Liparis monacha L., the caterpillar is very harmful to leafy 
trees and Conifer®. L. dixpar L., Orgyia aatiqua L. The female is apterous. 
O. (l)asychii‘a') pudibunda L. 
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Fam. Notodontid®. Notodtmta ziczac L., N. dromedariu s L. Ctu-thorampa 
pj'ocrsswnea L., tlie caterpillars live on oaks. Harpy ia vimla L. (Gabel - 
schwanz). The caterpillar lias pharyngeal gland and two protrusiblc anal 
filaments. 

Fam. Bombycid®. Gastropacha goerc folia L. (Kupferglncke). G. potatoria 
L.. G rubi L., G. pint L., Clmocampa neuxtria L. ; Bontbyx mori L. Silk- 
spinner originally from South Asia, but now bred in South Europe and China 
on account of the silk obtained from its cocoons. The caterpillar (silkworm) 
lives on the leaves of the mulberry. (The disease of silkworms, the muscardine. 
is produced by Botryti * Bus 8 ion a). 

Fam. Satumid®. Satvrnia pyri Borkh. S. carpini . spini Borkli., At taco 8 
Cynthia, Yamanuxi , cecropia cultivated for silk. AyJia tan L. 

Fam. Psychid®. The caterpillars carry about sacks in which they htc trans- 
formed into pupai. Psyche atra L.. Px. helix- L. The sac^> are spirally coiled 
and have a second lateral opening, and are different in the two sexes. Fumea 
nitidella Hb. 

Fam. Zyg®nid®. Zygoma jil i pend nice L. 

Fam. CoBsid®. The caterpillars live mostly in the medulla of plants. Goxxos 
1ignipt‘rda Fabr., cexruli L., liepiolus huntvli L. The caterpillar lives in hop 
roots. 

Tribe 5. Sphingina (Sell warmer). Lepidoptera with elongated body, 
pointed at the end, and usually a very long rolled proboscis. The 
anterior wings are long and narrow. The hind wings are short. 
The antennae are short, and, as a rule, taper at the points. The wings 
lie when at rest horizontally on the body and always have a retina- 
culum. The caterpillars are flat, and provided with an anal horn and 
sixteen legs. They pass their pupal stage in the earth. The adult 
insects fly about in the twilight, some species also in the day 
( Macroglossa ) . 

Fam. Sesi&d®. Sxsta apiforvus L., S. be tnbeciformix Hb. 

Fam. Spbingid®. Hawk-moths. Macrogloxsa xtcUatarnni L. (Tauben- 
schwanz), Humming-bird Hawk-moths, Sphinx elpenor L., S porcclhts L. 
(Weinschwarmer), S. Writ ( 01 can dcrscli warmer). S. conrolndi L., Acherontia 
atropos L., death-head. The caterpillar lives on potatoes. Smerintlnxs popoli 
L. ( Pappelschwarmer). S. til ice L. (Lindensch warmer), ft. o cell at os b. (Nacht- 
pfauenauge). Eyed Hawk-moth. 

Tribe 6. Rhopalocera. Day butterflies. Lepidop>tera of slender 
build, usually with brightly coloured wings. The antennae are club- 
shaped, or knobbed at the end. The legs are slender. The tibiae of 
the front legs are short, and sometimes reduced. The Rhopalocera 
fly by day, and when at rest hold the wings upright, often applied 
together. The caterpillars have sixteen feet, and are either naked or 
thickly covered with hairs and spines. They develop, for the most 
part without cocoons and attached to extraneous objects by fibres, 
into the pupa, which is often of a shining metallic colour. 
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Fam. Hesperid®. Hesperia comma L., //. sylvanvs Sclm. 

Fam. Lycanid® (. Polyommatidce ), (Blaulinge). Polyommatux Avion L.,. 
P. Damon Fabr. P. cirgaurcte L., Theda rubri L.. green hairstreak. T. qua mis 
L., puTple hair streak. T. bctuhr L. 

Fam. Satyrid®. Satyrus Briscis L., S. Jlermione L., Krcbia Bsdv. (Hip- 
parch ia Fabr.), JC. Janira L., etc. 

Fam. Nymph&lid®. The caterpillars have spiny outgrowths, rarely covered 
with fine hairs. The pupa is attached by its posterior extremity. Apatura 
iris L. (purple emperor). LUnenitlx populi'L. (Eisvogel). Vanessa prorsa L. 
( F. levana is the spring generation). V. cardni L., painted lady. V. atalanta 
L., Admiral. F. antiopa L. (Camberwell beauty). V. io L., peacock. F. nrticce 
L.. (Kleiner Fuchs), small tortoiseshell. Arp y unis paphia L., silver-washed 
Fritillary, A. aglala L. (dark green Fritillary), Mclitcea cinria L. 

Fam. Pierid® (Weisslinge). Pieris craUrgi L. Blackveined white. P. 


brass i etc L., large white (Kohl- 
weissling). P. napi L., green- 
veined white. P . . rupee L., snmli 
white. Colt as liyald L., C. rhamni 
L. (Citronenvogel). 

Fam. Equitid®. Papilio Poda- 
lirhts L., P. Machaon L. (Swallow- 
tail). Doritis Apollo L. The 
females have a pouch-like ap- 
pendage at the posterior end of 
the body. 

Order 8. — Coleoptera.* 

Insects with •masticating 
mouth-] >arts and lwrny front 
wings (teymina). Prothorax 
freely moveable. The meta- 



morphosis is complete. 


Beetle, b, Larva, c, Pupa. 


The chief characters of this large, but tolerably well-defined, group 
of insects depend upon the structure of the wings. In the state of 
rest the anterior wings, as wing-covers (elytra), cover the posterior 
membranous wings which are transversely and longitudinally 
folded, and lie horizontally on the* abdomen (fig. 483). The hind 
wings alone are used in flight, while the front wings are modified to 
perform a protective function, and usually correspond in size and 
form to the soft-skinned dorsal surface of the abdominal region, of 


* W. E. Erichson, “ Zur sybtematischcn Kenntniss der Insectenlarven,” 
Archir fur Katurgcsch ., Tom. VII., VIII., and XIII. 

Th. Lacordaire, Genera des Coldopteres,” Paris, 1854-1861). 

L. Redtenbacher, “ Fauna Austriaca, die Kafer,’’ 3 Aufl. Wien., 1873. 
Gemminger und Harold, “ Catalogus Coleopterorum, etc./’ Munchcn, 1868. 
Kowalevski l.c.,**’ Entwickelungsgesehichte des Hydropliilus, etc.” 
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which, however, they leave in some cases thelast segment ( pygidium ), 
or in other cases (Staph ylinxe) several segments, exposed. As 
a, rule, when the insects are at rest, the straight internal edges of 
both wing* covers are shut closely together, while the outer edges are 
bent round the sides of the abdomen. Sometimes the inner edges of 
the wings are fused together, so that the power of flight is 
abolished. In rare cases the wings are altogether absent. The 
head is seldom free, but as a rule is sunk into the freely moveable 
prothorax, and bears very variously shaped, usually eleven-jointed, 
antennae. In the male the latter are of considerable size and have 

a considerable extent of surface. Ocelli 
are with few exceptions absent, but the 
facetted eyes are only absent in certain 
blind species, which live in caves. The 
mouth parts are adapted for masticating 
and biting, and sometimes show transi- 
tional forms to those of the Hymehoptera. 
The maxillary palps are usually four- 
jointed and the labial palps three-jointed. 
In the predatory beetles, the external lobe 
of the maxilla has a palp like form and 
articulation. The labium, which is sim- 
plified by the reduction of its parts, is in • 
rare ca^es elongated to form a divided 
tongue. The large prothorax (cervical 
shield) is rnoveably articulated with the 
mesothorax, which is usually weakly de- 
veloped ; and on it, as well as on the 
other thoracic segments, the pleura ex- 
tend on to the sternal surface. The 
legs vary very fnuch in shape, but usually 
•end with a five-, rarely with a four-jointed tarsus. The tarsus is 
rarely composed of a smaller number (from one to three) of joints. 
The r abdomen is attached to the metathorax by its broad base, and 
•always possesses a greater number of dorsal than of ventral plates, 
of which some may fuse with one another. The smaller terminal 
segments are usually retracted and concealed by the preceding. 

The nervous system of the Coleoptera varies in the greater or less 
•concentration of the ventral ganglionic cord. The subcesophageal 
ganglion is followed by two or three thoracic ganglia, with the 
posterior of which one or two abdominal ganglia may be fused. In 



FiG. 484. — o, Ctcitidela cu nt ri* t 
h, c, Its larva with the two dorsal 
hooks on the fifth abdominal 
segment (regne animal). 
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the abdomen there are usually a series of separate ganglia (2 to 7). 
The latter may, however, fuse together to form a long mass or be 
drawn into the thoracic ganglia. 

The long coiled alimentary canal dilates in the carnivorous beetles 
to form a gizzard, which is followed by a shaggy chylific ventricle. 
The number of Malpighian tubes is, as in Lepidoptera, confined to 
four or six. 

The males and females are easily distinguished by the form and 
size of the antennae, the structure of the tarsal joints, and by special 
relations of size, form and colour. In the female the numerous egg- 
tubes .unite in very various arrangements, and a bursa copulatrix is 
often present. The males possess a large horny penis, which, when 
at rest, is retracted into the abdomen and is 
protruded by means of a powerful muscular 
apparatus. 

Almost all the larvje have mouth parts 
adapted for biting, rarely suctorial pincers. 

They feed under the most different conditions, 
as a rule concealed and removed from the 
light, and usually in the same way as the 
perfect insect. They are either grub-like and 
apodal, but with a distinctly developed head 
(' Curctdiortida '), or they possess, in addition to 
the three pairs of legs on the thorax, also 
stumps on the last abdominal segments. 

Many larvae, as those of the ('icindehv, have 
a peculiar apparatus for capturing their prey 
(fig. 484). In place of the facetted eyes, which 
have not yet appeared, ocelli are present in 
varying number and position. Some beetle larvae, like the larvae of 
the Diptera and Hymenoplera , live as parasites and feed inside bees 
nests on the eggs and honey ( Meloe , Sitaris) (fig. 485). The pupae 
of beetles, which are either suspended and attached to objects or lie 
on the earth or in holes, have their limbs freely projecting. 

Fossil Coleoptem are found in coal formations and are specially 
numerous in amber. 

Tribe 1 . Cryptotetramera = Pseudotrimera. The tarsuses are com- 
posed of four joints, of which one joint is rudimentary. Latreille 
considered them to be three-jointed. 

Fam. Coccinellid© (Lady Birds). CoccineU't sept etnpu net ata L. The larvae 
feed on Aphides. Chiloeoru * bipvstulatvs L. 





Fl(r. 48.). —a, Meloe viola - 
cent, b. Sit a rig hunteralie 
(r&gne animal). 
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Fam. Endomychidai (Pilzkafer). Endomychux coccinen* L. Lycoperdina 
xvccincta L. 

Tribe 2. Cryptopentamera = Pseudotetramera. One joint of the 
five-jointed tarsus is reduced and concealed. 

• Fam.* Chrysomelid® (Blattkiifer). The adult insects are mostly of a bright 
colour and feed on leaves. Their larvae have a cylindrical thick-set body, which 
is very generally covered with warts and spiny prominences ; they always have 
well -develop >ed legs ; they likewise feed on leaves, into the parenchyma of 
which some of them (Hixjm) burrow, and present the peculiarity of using their 
excrements to prepare cases which they carry about with them QClythra, 
Ciyptoccphalv * ). Before entering the pupal stage they attach themselves to 
leaves by the hind end of their body. Ilaltica olrracea Fabr. Harmful to 
cabbage leaves. Lina popuH L. (hrysomcla rarians Fabr. 

Fam. Cerambycid® (Long [cornin') (Bockkafer). Some species (Lamin') pro- 
duce a peculiar sound by nibbing the head against the prothorax. The elongated 
grub-like larva? have a horny head with powerful mandibles, short antennse, and 
usually no legs or ocelli. They live in wood, in which they bore passages and 
sometimes cause great damage. Lamia text or L., Ccrambyx liei'ox Scop., C 
eerdo Fabr., Privnux coma r ins Fabr. 

Fam. Bostrychid® (Borkenkafcr). Coir opt era of small size and cylindrical 
body shape. The larvae are of stout cj'lindrical shape and without legs, the 
place of which is taken by ridges covered with hairs like those of the Citron- 
lionidtp. The adult insects and larvae bore passages in wood, on which they feed. 
They live in companies, and belong to the most dreaded destroyers of forests 
of conifers. The way in which they eat into the bark is very peculiar, 
being characteristic of the individual species and indicative of their mode of 
life. The two sexes meet in the superficial passages, which the female, after 
copulation, continues and lengthens in order to lay her eggs in pits, which she 
hollows out for that purpose at the end of them. The larva? when hatched eat 
out lateral ijassages, which, as the larva? increase in size and get further from 
the main passage, become larger and give rise to the characteristic markings 
on the inside of the bark. Boxtrych ux dial coy caplins L., B. typography,* L., 
under the bark of pine-trees. B. xtenoyraphus Duft. 

Fam. Curculionid® (Riisselkafer) Weevils. Head prolonged into a proboscis 
in front. Larva? cylindrical, without or witli very rudimentary legs and 
ocelli ; they are almost entirely phytophagous ; and indeed they live under the 
most various conditions, some inside buds and fruit, others under bark, or on 
leaves, or in wood. Calandra yranaria L„ in grain known as black grain- 
worms. Balaninnx nuenm L., Nut- weevil. Hylobinx abictis Fabr., Apion 
frumentart urn, L. 

Tribe 3. Heteromera. The tarsuses of the two anterior pairs of 
legs are five- jointed, of the posterior pair four-jointed. 

Fam. Oedemerid®. Oedemera rircxcens L. 

Fam. Meloid® (Cantharid®). They furnish a substance used in the prepara- 
tion of vesicants. The larvae live partly parasitically on insects, partly free 
under the bark of trees, and some of them pass through a complicated meta- 
morphosis called by Fabrc hypermetamorphosis ; they possess at first three 
pairs of legs : in later stages they lose these, and the body acquires a cylindrical 
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form (fig. 457). Meloe L. The beetles live in grass, and when touched they give 
out an acrid pungent fluid between the joints of the legs. The larvae creep on 
the stalks of plants, penetrate into the flowers of Asclepiad®, Primulacese, etc., 
and attach themselves fast to the body of bees ( Pediculv s m flitted Kirby), in 
order to be carried to the bees’ nest, in which they nourish themselves chiefly 
on honey. M. proscarabceus L., M. violaceus Marsh. Lytta vrsicatoria L., 
Spanish fly. SUari « hwneralis Fabr., South Europe (fig. 485). 

Fam. Bhipiphorid®. The larvae live in wasp nests (Metoecus), or in the 
abdomen of cockroaches ( Rhipidius ). Rhipiphorus bimaculatus Fabr. 

Fam. Cistelid®. Cist via fulvipes Fabr.. C. man tea L. • 

Fam. Tenebrionid®. Tenebrio nwlitor L., Larva known as meal-worm. Blap s 
mortisaya L. 

Tribe 4. Pentamera. Tarsus usually five- jointed. 

t 

Fam. Xylophaga. Tarsus sometimes only four-jointed. The larvae some- 
times feed on dead animal matters, sometimes bore cylindrical horizontal 
passages in wood, and are therefore destructive to furniture and wooden 
material as well as to living trees. Lymcxylon navale L., on docks in oak. 
Anohin m prrtinax L., death watch, produces a ticking noise in wood. Ptinus 
fur L., Pt. rnjipes Fabr. 

Fam. Cleridae. The variegated larvae live under bark and for the most part 
on other insects. Clems form icari «*L, Tricliodes apiarius L. The larva is 
parasitic in bee-hives. 

Fam. Malacodermata. Malar hi us ecnens Fabr. Cantharls (Tclcjriiorns) 
violacea Fayk., C. fusca L. Lampyris Geoffr., Glow-worm Female 
apterous, or only with two small scales. Light organs in the abdomen 
L. noctilnca L., L. splendidula L. Female with two small scales instead of 
wing-covers. 

Fam. Elaterid® (Springkafer). The elongated body is distinguished by the 
very free articulation between the prothorax and mesothorax ; and by the pos- 
session of a spine upon the prothorax which fits into a pit on the mesothorax. 
These two arrangements enable the beetle to jump up when lying on its back. 
The larvae live under the bark of trees on the wood, sometimes in the roots of 
grain and turnips, and may be very destructive. Ayriotes lineatus L., Lacon 
murinus L., Elatcr sanguineus L., Pyroplwrus noct Hunts L., in Cuba, prothorax 
dilated to the form of a vesicle and phosphorescent. 

Fam. Buprestida (Prachtkafer). Body elongated, pointed behind, often 
brightly coloured, with a metallic lustre. The elongated vermiform lame are 
without ocelli and, as a rule, legs ; and possess a very broadened prothorax. 
They live like the larvae of the Crrambyridce, to which they present a general 
resemblance, in wood, and bore flat ellipsoidal passages. Trachys viimta L., 
Agrihis biyvttatus Fabr., Buprrstis rust tea Fabr.. B. ffauomaculata Fabr. 

Fam. Lamellieomia (Blat thorn kafer). The antennae are seven- to eleven- 
jointed ; the basal joint is large, and the terminal joints (three to seven) are 
widened, to a fan shape. In many the anterior legs are adapted for digging. 
The soft-skinned larvae possess a horny head, moderately long legs, and a curved 
abdomen, which is dilated behind to the form of a sac ; they feed sometimes on 
leaves and roots, sometimes on putrefying vegetable and animal substances, and 
enter into the pupal stage after two or three years sojourn in a cocoon beneath 
the earth. Lucanus reruns L., stag beetle. Laiwae in rotten wood of old oaks. 
The beetle feeds on the sap which comes from the oak. L, parallelipipedus L., 
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Capri 8 lunar is L., Apkodiux subterraneus Fabr., Geot rupee vemalis L., G. 
steroararius L.. Rhizotrogns solstitialis L., Melolontha vulgaris Fabr., Cock- 
chafer. The larvie at first live together and feed on fresh vegetable substances, 
later (in the second and third years) on roots, which they destroy, doing great 
damage. Towards the end of the fourth summer the beetle is usually developed 
from the pupa, which lies in a smooth round hole, but it remains in the earth till 
the next spring. M. hippocastani Fabr., Cetonia aurata L., Ateuchus sacer L.» 
Oryctes nasicornis L. 

Fam. Dermestid® (Speckkiifer). Atta genus pellio L. (Pelzkafer). Dermestes 
lardarius L., (Speckkiifer). 

Fam. Histerid® (Stutzkafer). HUter maculatus L., Ontophilus striatus Fabr. 

Fam. Silphid® (Aaskafer). Beetles and larvae live on and lay their eggs ir. 
decomposing animal and vegetable matters ; some of them even attack living 
insects and larva 1 . When .attacked many defend themselves by the ejection of 
a stinking anal excretion. Silpka thoracica Fabr., S. ohxeura Fabr. Necro- 
pliorus vcspillo Fabr., N, ger manic us Fabr. (Todtengraber). 

Fam. Fselaphids. Live in the dark under stones and in colonies of ants. 
Psclaph us Heisei Herbst. Claviger testa reus Pr. 

Fam. Staphylinid® (Kurzdeckfliigler). Myrmedonia canaliculate Fabr. 
Live among ants. Staph gl inn s maxillosus L., Omalium rivulare Payk. 

Fam. Hydrophilid® (Palpicornia). Swimming beetles with short club-shaped 
antenna.* and long maxillary palps, which often project beyond the antennae. 
Feed on plants. Hydrophilus piceus L., Hydro h ins f us c tpes L. 

Fam. Dytiscid®. Swimming-beetles, with filiform, ten- or eleven-jointed 
antenna? and broad swimming legs beset with setae ; the hind legs project 
back and are especially adapted for swimming by the possession of a close 
covering of swimming-hairs. Cohj mhetes / mens L.. Dytiscux marginal is, Sturm. 

Fam. Carabid®.* Running beetles, with eleven-jointed filiform antennae, power- 
ful pincer-shaped mandibles, and running legs. The elongated larvae possess 
four-jointed antennie, four to five ocelli on each side, sickle-shaped projecting 
pincers, and fairly long five-jointed legs Harpalux aniens Fabr., Jh'achinnx 
crepitans K. (Bombardirkiifer). Cavabus auratux L., Procrustes coriaceus L. 

Fam. Cicindelid®. Tiger-beetles. Mandibles with three teeth. The larvae 
form subterranean passages, possess a broad head, very large sickle-shaped 
curved jaws, and bear on the dorsal surface of the eighth segment of the body 
two horny hooks for attachment in the passage, at the opening of which they 
lie in wait for prey. Cicindela campextris L. (fig. 481). 

Order 9. — Hymenoptera.+ 

Insects with hit hi y and lickiny mouth parts, fused prothorax, four 
membranous winys with only few nervures. Metamorphosis complete . 

The body has as a rule an elongated form, and possesses a freely 

* Dejean, ‘‘Species general des t'ol(*opteres, etc.” Tom I.-V., Paris, 1826- 
1831. 

t L. Jurine, *• Nouvelle methode de classer les Hym6nopt6res ct les Dipt&res.” 
Tom. I., Hymdnopt^res. Geneva, 1807. 

O. Gravenhorst, “ Ichneuiuologia Europaea,” Vratislavise, 1829. J. Th. C. 
Ratzeburg, "Die Jckneumouen dcr Forstinsecten.” 3 Bde. Berlin, 1844-1852. 

G. Dahlbom, “ Hymenoptera Europaea, prsecipue borealia.” Lund. 1845. 

v. Siebold, “Beitragc zur Parthenogenesis der Arthropoden.” Leipzig, 1871. 
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moveable head with large facetted eyes which in the male are 
almost in contact, and three ocelli (fig. 486). 

In the antenna? a large basal joint (shaft) and eleven to twelve 
shorter joints can usually be distinguished, or they are not crooked, 
in which case they consist of a greater number of joints. 

The month parts are biting and licking ; the upper lip and man- 
dibles are constructed as in beetles and Orthoptera ; the maxillae 
and labium, on the other hand, are elongated and adapted for licking, 
and when at rest are frequently bent round. In bees the tongue 
can be considerably elongated and assume the form of a proboscis ; 
in this case the lobes of the jaws also become considerably extended, 
and form a kind of sheath around the tongue. The maxillary palp s 
are usually six- join ted ; the labial palps on the other hand only 
four-jointed, but the number of joints may be reduced. 

As in the Lepidoptera and Dipt era , the protliorax is firmly con- 
nected with the following thoracic segments, inasmuch as the 



Fig. 180.— Apia melliflea. a, Queen, b, Worker, c, Drone. 


pronotiun at least (excepting in the leaf- and wood- wasps) is 
fused with the mesonotum, while the rudimentary prosternum 
remains freely moveable. On the mesothorax two small moveable 
scales {tegulw) are found over the base of the fore wing, and 
behind the scutellum the anterior part of the metnnotum is 
developed into the posterior shield {post scutellum). Both pairs of 
wings are membranous, transparent, and traversed by but few 
nervures ; the anterior are considerably larger than the posterior. 
From the outer edge of the latter small hooks arise, which are 
attached to the inferior edge of the anterior pair, thus bringing 
about the connection between the two pairs of wings. Sometimes 
the wings are absent in one of the two sexes, or in the workers 
amongst many social Hymenoptera . The legs possess five- join ted, 
usually broadened tarsuses with long first tairnl joint. The ab- 
domen is rarely attached to the thorax by its whole breadth (sessile) ; 
as a rule the first or the two first segments of the abdomen are 
narrowed to a thin stalk, bringing about the connection with the 
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thorax (stalked). In the female sex the abdomen ends with an 
ovipositor (terebra), which as a rule is retracted, or with a poison 
spine (aculeus). The latter develops from six warts, of which four 
belong to the ventral side of the penultimate, two to that of the 
antepenultimate segment. The sting (fig. 487) consists of the 
grooved piece (sting-groove), two piercing stylets and two sting- 
sheaths (with oblong plates) and is retracted when at rest. The 
grooved piece, the furrow of which is directed downwards, arises 
from the inner pair of waits of the penultimate segment, while the 



Fig. 487. — Stinging apparatus of the honey bee from 
the dorsal side (after Kraepelin). QD, poison gland ; 
vrb, poison reservoir ; 7\ gland; Str, grooved piece with 
the two stylets ; Ba f swollen base of the grooved piece ; 
B , curved root of the same ; W % angular piece ; Sh t 
sheath of spine ; O, oblong plate ; Q, quadratic plate ; 
Stl\ Stb" t the two piercing spines on the ventral side 
of the grooved piece. 


piercing stylets on the 
edge of the grooved piece 
correspond to the pair of 
warts of the antepenulti- 
mate segment. Finally 
the segments also take 
part in the formation of 
this apparatus, inas- 
much sis they furnish 
powerful supporting 
plates for the sting 
(quadratic plate and 
angular piece). 

The nervous system 
consists of a large com- 
plicated brain, an in- 
fra- oesophageal ganglion, 
two thoracic ganglia 
(the ganglia of the 
mesothorax and meta- 
thorax are fused with 
the anterior abdominal 
ganglion), and five to 
six ganglia in the ab- 
domen. 


The alimentary canal frequently attains to a considerable length, 
especially in those Hymenoptera which with a longer life cumber 
themselves with the care and nourishment of the young. Large 
salivary glands are present. The narrow oesophagus usually dilates 
to a suctorial stomach, moi*e rarely to a spherical gizzard (ants). A 
considerable number of short Malpighian tubules open into the 
intestine (hindgut). 
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In connection with the great power of flight, the longitudinal 
tracheal trunks give rise to vesicular dilatations, of which two at 
the base of the abdomen are conspicuous by their size. 

The female sexual organs usually possess very numerous (up to 
one hundred) many-chambered egg tubes, and a large receptaculum 
seminis with accessory glands. A special bursa copulatrix is absent 
(fig. 488). When a sting is developed, filiform or branched poison 
glands with a common reservoir and a duct opening into the sheath 
of the sting, are present. In the male sex the ducts of the two 
testes are connected with two accessory glands, while the common 
ductus ejaculatorius ends with a large protrusible penis. 

With the exception of the leaf-wasps ( Tenthred in idea), and wood- 
wasps ( Uroceridce ), the larvae are apodal and live either parasitically 
in the body of insects (the Pteromalina* pass through various larval 



legs, six to eight pairs of abdominal legs, and live free on leaves ; 
the latter are grub-like, find the nutritive material in their cells, 
and are in part fed during their growth. Almost all — e.g., the 
larvae of bees and wasps — possess a small retractile head with short 
mandibles and pointed pieces (maxillae and labium). The anus is not 
developed, for the stomach is blind and .does not communicate with 
the hindgut, which receives the Malpighian tubules. Most of the 
larvae, when they enter the pupal stage, spin an irregular invest- 
ment or a firmer cocoon of silk-like fibres. The larvae of bees 
and wasps then soon undergo a moult (when they get rid of 
their excrementitious matters), and enter upon a stage which 
precedes that of the pupa and is called by v. Siebold the pseudo- 
pupa (fig. 489). 


38 
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Sub-order 1 . — Terebrantia. 


Female with ovipositor as tube or borer ( terebra ), which projects 
freely at the end of the abdomen, and is sometimes retractile. 

Tribe 1 . Phytophaga. Abdomen sessile. Trochanter composed 
of two rings. Larvae phytophagous, resemble caterpillars. 


Fam. Tenthredinidae (Leaf- wasps). Saw-flies. Abdomen sessile with short 
borer. The larva* have rarely three, usually nine to eleven pairs of legs, 
and resemble caterpillars. The females lay their eggs in the epidermis of 
leaves, the puncture causes the flow of sap. which the egg imbibes and thereby 
increases in size. The yoimg larvae feed on leaves, often in early -stages live 
in societies, and become pupse in a cocoon. They are distinguished from 
the caterpillars by the greater number of legs, and by the two ocelli on 
the horny head. Lyda betulce L.. Tenthredo (Athalia) spina mm Fabr.. larvie 
sometimes on roses. Nematus centricosus Klg., larvae on gooseberries. Pimbej* 
femorata L. 


Fam. Uroceridffi (Wood-wasps). Abdomen with first tergum split, and usually 

long, freely projecting oviposi- 
tor (egg-borer). The females 
bore holes in wood and dejjosit 
their eggs therein. The larvae 
bore further into the wood 
and live a long time. Sirc.r 
<jig as L. 

Fig. 489.— a. Larva of the bmnhlo bee about to become Tribe 2. GulllCOla. Ab- 
a pupa. b, Pseudo-pupa (Semi-pupa), <?, pupa (after domen stalked. Larva? 
Packard). , , , 

apodal and aproctous, 

usually living in vegetable cells. 



Fam. Cympidee (Gall-wasps). Thorax humped. Abdomen usually short, 
laterally compressed. The bvipositor (egg-borer) arises on the Ventral side, and 
is as a rule retracted. The females bore into plant tissues and cause, by the 
irritation of an acrid fluid, an abnormal flow of vegetable fluids, thus giving 
rise to the outgrowths known as galls , on which either one or several apodal 
larvae feed. Certain galls, especially those of the oaks of Asia Minor (Aleppo), 
contain tannic acid, and arc on this account used in industry. In many species 
the females only are at present known ; the eggs in such cases develop 
parthenogenetically. Many larvae are parasitic in Dipt era and Aphides . 
Cynips querent folii L., j Rhodites rosce L., produces the bedeguar of roses. 
Figites scuteXlaris Latr., parasitic on the grubs of Sarcophaga. 

Tribe 3. Entomophagu. Abdomen stalked. Female with freely 
projecting ovipositor (spine). Larvae apodal and without anus, 
usually parasitic in the larvae of other insects. 


Fam. Pteromalidae. The larva? are parasitic in all possible insect larvae, 
frequently in parasites, and pass through a complicated metamorphosis, ex- 
tremely remarkable for the succession of very different stages. Pteromalus 
puparum L., Teleas clamcornis Latr., Platygaster Latr., (fig. 458). 
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Fam. Braconid®. They principally persecute caterpillars, as well as beetle 
larvae living in dead wood. MierogasU r glommeratus L., in caterpillais. 
Bracon impostor Scop., Br. palpehrator Ratzbg. 

Fam. Iohneumonid®. Ichneumon incub it or L. I. ( Tragus ) lutoriux Ratzbg., 
Pimpla QEpbialtes') manifest at or L., Opliion luteus L. 

B'am. Evaniadae. Erania append ig aster L., Foe mis jaeulator L. 

Sub-order 2. — Aculeate. 


With retractile perforated sting and poison gland in the female 
sex. Abdomen always stalked ; the antennae of male usual thirteen- 
jointed, of the female twelve-jointed. The larvae are apodal and 
without anus. 


Fam. Formicid®* (Ants) (fig. 490). They live together in communities, which 
contain, besides the winged males and females, a great excess of small apterous 
workers with* stronger prothorax. The latter aie sometimes of two kinds, 
known as soldiers and true workers, distinguished by the size of the head and 


jaws. The workers are 
aborted females and re- 
semble the true females 
in jKjssessing a poison 
gland, the acid secre- 
tion (formic acid) of 
which they either pour 
out with the help ot the 
sting or, in the absence 
of the latter, eject into 
the wound made by the 
mandibles. 

The dwellings of the 
ants consist of passage^ 
and cavities, \n hich are 
placed in rotten wood, 
in the earth, or in hill- 




1* xr . 11C Fig. 490. — Formica (Camponotut) herculanea. a. Female, b, Male, 

throw up. Winter pro- c> Worker, Larva ot Formica rufa. e , pupa with! case, so- 

visions are not earned called ant epg. /, g, Pupa liberated from the case, 

into these spaces, since 

the ant- workers, which with the queens alone survive the winter, fall into a 
kind of winter sleep. 

In the spring queens are found in addition to the workers. From the eggs of 
the queens larvae proceed, which are carefully reared and protected by the 
workers. The larvae in egg-shaped cocoons become pupae (ants’ eggs) and develop, 
some of them to workers and some to winged sexual animals, which appear with 
us sooner or later in the course of the summer, and copulate in the flight. After 
copulation the males die, the females lose their wings and are carried back by 


* P. Huber, “ Recherches sur les moeurs des Fourmis indigenes.” Geneva, 
181°. 

Latreille, “ Histoire naturelle des Fourmis.” Paris, 180&. 

A. Forel, “ Les Fourmis de la Suisse.” Zurich, 1874. 
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the workers into their dwellings, to deposit tlieir *eggs, or found with some of 
the workers new societies. 

In the tropics the ants undertake migrations in great numbers, and may 
become a regular plague when they enter houses and destroy all eatables. 
Many forms ( Oecodmna species) are especially destructive to young trees and 
plants, which they strip of foliage. Some species, however, render service in 
attacking Termites and in destroying other pernicious insects, such as the cock- 
roaches. even in the dwellings of man. Many species, especially of the genus 
Eciton , are predatory ants and destroy other ant colonies. Certain species are 
said to make war with foreign ant states and to carry off their young, which 
they bring up for service in their own colony (Amazon colonies. F. ru/a, 
rufcsccns"). The relatively high psychical activity of these insects is undeni- 
able : many instances of it have been disclosed by the thorough observations of 
P. Huber. They keep Aphides as we (lo milch cows ; they carry provisions 
into their dwellings ; they go out to battle in regular columns, and offer up 
their lives bravely for the community. In contrast to the war-like features of 
the slave-states are the friendly relations of the ants to other insects, which, as 
Myrmteophila , live in the ant dwellings (lar vie of Cetonia , Myrmecophila^eta.'). 
Formica herculanea L.. F. rufa L.', Myvmica acervorum Fabr., with sting. 

Fam. Chrysidid® (Gold wasps). The females lay their eggs in the nests of 
other .Hymenoptera, especially of the digging wasps (Fousoria), with which 
they have on this occasion to carry on war. Chryxix iynita L. 

Fam. Heterogyna ( MutilUdce , Scoliada'). Males and females very different 
in form, size and structure of antenme. The females, with shortened wings or 
apterous, live solitarily and lay their eggs on other insects or in bees’ nests, and 
do not trouble themselves with the nourishment and care of their young. 
Mutilla curopaca L.. Sc alia ( Scoltadce ) hortonun Fabr. The larva lives 
parasitically on that of the nasicorn beetle. 

Fam. Fossoria* (Digging wasps). Solitary H 3 Tnenoptera, with unbent 
antenme and elongated legs; the tibia; are armed with long spines. The 
females, which live on honey and pollen, dig passages and tubes usually in sand 
and in earth and in dry wood, and deposit at the end of them their cells, each of 
which contains an egg and animal nutritive matter for the future larva. Some 
(Bembtx) carry fresh food daily to their growing larva;, contained in open cells ; 
others place in the closed cell as many insects as the larva requires for its de- 
velopment. hi the last cases thy introduced insects are not completely killed, 
but merely crippled by a sting in the ventral nerve cord. The individual 
species usually capture quite definite insects ( caterpillars , CurculionidcB, 
Buprextidce. Acridiae, etc.), which they overpower and paralyse in a very 
remarkable manner. For example, Ccrccrix buprextfeida attacks Buprcxtix^ 
while C. Dufourt i chooses ( \ Icon us ophtTialmicux. The digging wasp seizes the head 
of the beetle with its mandibles and in sells its sting into the thoracic ganglia 
between the articulation of the prothorax. SpJu\r Jic/rtpcnnix, which 
constructs three cells at the end of a horizontal passage, two of three inches 
long, attacks Grylla , and Sphcx alhlxecta species of (Edipoda . A m m vphila 
holoxericca supplies each of its brood cells with four or five caterpillars ; A. 
sabvloxa and argentata only with one very large caterpillar, which is paralysed 

* Fabre, “ Observations sur les meeurs des Cerceris ; ” also “ Etudes sur 
l’instinct et les metamorphoses des ftphegiens,” Ann. des Sc. Nat., ser. 4, Tom IV. 
and VT. 



HYMENOPTEKA. 


597 


by a sting in a median apodal body segment. Pomp 'dm viaticus L., AmmophUa 
sabulom L., Crabro cribarius L. 

Fam. Vespidae * (Wasps). Body slender, smooth. Anterior wings are 
narrow and can be folded together longitudinally. They are sometimes solitary, 
sometimes they live in societies ; in the last case the workers also are winged. 
The females of the solitary wasps build their brood-cells in sand or on the 
stalks of plants with sand and clay, and fill them rarely with honey, usually 
with insects, especially caterpillars and spiders ; they thus approach the Fossoi'ia 
in their mode of life. The social wasps approximate to bees in the organization 
of their society. They construct their nests of gnawed wood, which they 
manufacture into lamellae resembling paper, and fasten together into regularly 
hexagonal cells. The combs, which are composed of a simple layer of cells 
attached to one another, are either suspended freely on the branches of trees, 
or in holes in the earth and in hollow treeR, or surrounded by a common 
leafy investment, on the under surface .of which the holes for exit are placed. 
In the latter case the internal structure frequently consists of several horizon- 
tally-suspended combs which are placed one above the other, like the floors 
of a house, and are connected by buttresses. The openings of the hexagonal 
vertically placed cells look downwards. The foundation of each wasp nest is 
laid in the spring by a single female, which was fertilized in the preceding 
autumn and lias survived the winter. She begets, in the course of the spring 
and summer, workers, which help to increase the size of the nest and to rear 
the offspring, and of which the larger forms produced in the summer not 
rarely lay eggs, which develop parthenogenetically into males. The larvae 
are fed with insects which have been well chewed, and are transformed in a 
delicate case into pupae in the closed cells. The perfect insects feed as a 
rule on sweet substances and honey juices, which they are said occasionally to 
gather in ( Polistes ). Males and females first appear in late summer and 
copulate in the flight high lip in the air. The males soon die and the whole 
colony is generally dissolved in the autumn ; the fertilized females, on the 
other hand, survive the winter under stones and moss in order to found new 
societies in the following year. Odynrrus parietum L., Polistes (jail tea L. 
Nests are without investment of leaves and consist of a stalked comb. The 
fertilized females, which have survived the winter, produce according to v. 
Siebold at first only female offspring, whos<‘ eggs remain unfertilized and 
develop parthenogenetically into males. Vespa crabro L., hornets. F 
vulgar is L. 

Fam. Apidffif (Bees). Tibia and tarsus, especially of the hind legs, broadened ; 
the first tarsal joint, especially of the hinder legs, covered with hairs like a 
brush. Anterior wings cannot be folded together. Body hairy. The hairs on 
the hind legs or on the belly serve as a collecting apparatus for the pollen. 
The labium and maxillae often reach a very considerable length. The latter 
are applied as a sheath to the tongue, and bear only rudimentary palps. The 
bees are solitary and social, and place their nests in walls, under earth and in 
hollow trees, and feed their larvae with honey and pollen. Some do not build 
nests, but lay their eggs in the filled cells of other bees (parasitic bees). 
Andrena cineraria L., Dasypoda hirtipex Fabr., Nomad a ruficornis Kirb., 


* H. de Saussure, “ Etudes sur la famille des Vespides.” 3 vols. Paris, 1852 
to 1857. 

t F. Huber, “ Nouvelles observations sur les Abeilles.” 2 vois. Paris, 1811. 
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Meg an MU ( Chalicodoma ) mvrarui Fabr.. Osmta bicomift L., Anthophora 
pilipes Fabr., Xylooopa viol a era Fabr. Wood-bees construct perpendicular 
passages in wood, and divide them by transverse walls into cells. 

JBombus Latr. Bumble bee. Body heavy ; hairy like fur. The nests are 
usually placed in holes under the earth, and include only a small number, about 
fifty to two hundred, rarely w many as five hundred workers, in addition to the 
fertilized female. They do not construct combs, but pile up irregular masses 
of pollen, in which the eggs are deposited, and which serve as food for the 
hatching grubs. The latter eat out cellular cavities in the pollen masses and 
form oval cocoons, which are free but irregularly placed by the side of one 
another. The nest is founded by a single female which has survived the winter. 
She at first alone has the burden of rearing the brood : subsequently, however, 
this is shared by the hatched workers of different size, which themselves 
lay unfertilized eggs. B. lapidarnut Fabr.. muse or am 111 , t ^terrestrh. 111., 
hypnorvm 111. 

Aph L.. honey-beo. The workers with lateral separated eyes, with one-jointed 
maxillary palps. The external surface of the hinder tibiae is pressed into the 
form of a pit, and is surrounded by simple marginal setae (basket, fig. 491, K ) ; 

the inner surface of the tarsus is l>eset with regular 
rows of setae (brush, fig. 491 B, b). The female 
(queen) with shorter tongue, longer abdomen, with- 
out brush. The male (drone), with large eyes in 
contact, broad abdomen, and short mouth parts, 
without basket and brush. A. m ell ip' r a L., honey 
bee, distributed over Europe and Asia as far as 
Africa. 

The workers build perpendicular combs in hollow 
trees, or in other protected places ; under the in- 
fluence of human cultivation, iu suitably arranged 
baskets or hives. The wax used in the construction 
of the comb is produced in the organism as a result 
of metabolism (honey being the source), and is 
exuded in the form of small tablets between the 
segments of the abdomen. The combs consist of 
two layers of horizontal hexagonal cells, the bases of 
which are formed of three rhomboidal p^tes. The 
smaller cells serve for the reception of provisions 
(honey and pollen) and for the brood of workers, the larger for the reception 
of honey and the drone brood. Outside, at the edge of the comb, there are 
at definite times a small numlier of large irregular queen cells, in which the 
female larvae are brought up. When the cells are filled with honey, or the 
larvae contained in them have reached the stage of pupae, they are closed up. A 
small opening at the bottom of the hive serves for entry and exit ; all other 
clefts *and fissures are closed with wax, and no light enters the interior of the 
nest. In no other Hymenopteran society is the division of labour so strictly 
carried out as in that of the bees. There is only one fertilized queen, and she 
alone lays the eggs (she may lay more than three thousand eggs in one 
day). The working bees divide amongst themselves the business of collecting 
honey, preparing wax, and feeding the brood, and the completion of the nest. 
The drones, which exist only at the swarming time, and then only in pro- 
portionately small numbers (two hundred to three hundred in a society of twenty 



Fig. 401.— «, Hind leg of a 
worker of Apts mellifioa. 
JT, basket on the tibia; 
£, enlarged tarsal joint 
with brush on the under 
side. b, brush, more 
strongly magnified. 
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thousand to thirty thousand workers) have the privilege of enjoying themselves 
and of doing no kind of work in the hive ; they arise from unfertilised eggs and 
are killed in the autumn (slaughter of drones). The queen and the workers 
live through the winter consuming the stored-up provisions, and kept warm by 
the heat produced by the dense population of the hive. In the first days of 
Spring the queen deposits eggs, first in the workers’ cells and later in the drone 
cells. Some royal cells are then constructed, and at intervals she deposits a 
fertilised egg in each of them. The larvae in the royal cells receive a richer 
nourishment and royal food, and become sexually mature females (queens), 
capable of copulating. Before the oldest of the young queens is hatched — 
sixteen days from the deposition of the egg is required for this, while the 
workers develop in twenty days, the drones in twenty-four — the queen-mother 
leaves the hive with a part of the inhabitants (first swarm). The young queen 
cither kills all the other royal larvge and remains in the old hive, or if she is* 
prevented from doing this by the workers, and the population is still large 
enough, she also leaves the old hive with a part of the workeis before the 
appearance of a second queen (second swarm). Soon after her metamorphosis 
the young *queen makes her marriage flight, and returns after impregnation to 
the hive. The queen is only impregnated once in the course of her life, which 
lasts four or five yearn ; she is henceforward able to produce male and female 
offspring. If tlic wings of the queen are paralysed and she is unable to 
copulate, she lays eggs which only give rise to drones : the same is the case 
with the fertilised queen in her old age, when the contents of the receptacu. 
lum sc minis is exhausted. Workers also may lay eggs which develop into 
drones ; the larvae destined to develop into workers may. if the food supply at 
any early stage be abundant, become queens. As parasites in bee-nests may be 
mentioned the death’s head moth, the wax moth, the larva of the bee-wolf, 
( Trichodes apiarius), and the bee-louse ( Braula etpea'). 

The genera Melipona III., TrUjotia Jur., comprise small American species of 
bees ; they appear, however, to be less closely related to the genus Apia than 
has been hitherto believed. With regard to the economy of the society, one of 
the most striking deviations they present, is that the brood-cells are filled with 
honey before the deposition of the eggs and afterwards closed, so that the just- 
liatched grub is provided beforehand with all the food material (Fr. Miiller). 
The workers also prepare large reservoirs for the storage of the honey. Among 
the former there are forms as in Boyi bus, that do not build nests, but lay their 
eggs in the nests of other species. 
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Arethusa, 249. 
Argas,*495. 

Argulus, 438. 

Argynnis, 585. 
Argyroneta, 499, 504. 
Arista, 573. 

Aristotle, classification 
of, 132. 

Aristotle’s lantern, 276. 
Armadillo, 457, 460. 


Arrenotokia, 543. 
Artemia, 419. 

Arterial, 73. 

Artery, 62. 

Arthropoda, 405. 
Artlirostraea, 449. 
Articulata, 289. 
Ascalaphus, 564. 

Ascaltis, 222. 

Ascandra, 222. 

Ascaris, 347, 346, 351. 
Ascetta, 222. 

Asoilla. 222. 
Ascomorplia. 404. 

Ascon, 222. 

Ascortis, 222. 

Asculmis, 222. 

Ascyssa, 222. 

Asellus, 460. 

Asilus, 576. 

Aspidochirotje, 298, 299. 
Aspidiotus, 513, 569. 
Aspianclina, 404. 
Astacus. 477. 

Astasia, 169. 
Asteracanthion, 285, 
293. 

Asteriadte, 293, 279. 
Asterias, 2.93. 

Asteridea, 279, 292. 
Asteroidea, 279, 290. 
Asteropc, 427. 

Astrsea. 229, 232. 
Astraeidre, 232. 

Astroides, 233. 

Astronvx, 294, 
Astrofiecten. 275, 292, 
293. 

Astrophyton, 294. 

Atax, 495. 

Ateuchus. 590. 

Athalia, 594. 

Athorybia, 248, 249. 
Atolls, 230. 

Atrocha, 377. 

Attacus, 584. 

Attagenus, 590. 

Atypus, 504. 

Auditory organs, 85. 
Aulastomum. 400. 
Aurelia, 261. 

Aurelio kevcrino, 133. 
Auricularia, 281, 282, 

283, 298. 

Autolytus, 372, 379. 
Aves, vascular system 
of, 67. 

Bacillus, 206. 

Bacteria, 206, 557. 

Baer, C. E. von, 137. 


Balaninus, 588. 
Balanpglossus, 299, 302. 
Balantidium, 205. 
Balanus, 446. 

Bark lice, 127, 570. 
Barrier reefs, 230. 
Bathybius, 186. 
Bathycrinus, 289. 

Bdella, 495. 
Bear-caterpillars, 583. 
Bed-bug, 572. 

Bedeguar of roses, 594. 
Bee-louse, 675, 599. 
Bees, 597. 

Beetle-mites, 495. 
Bee-wolf, 599. 

Bell Animalcule, 198. 
Bembex, 596. 

Boris, 577. 

Beroe, 264, 266. 

Bibio, 674, 577. 
Bie8fliogen, 576. 
Biogenesis, 96. 

Bipalium, 315. 
Bipinnaria, 281,283, 292, 
293. 

Bird spider, 504. 

Birgus, 478. 

Bittacus, 563. 

Bivium, 269. 
Bladdei-Worm, 332. 
Blaps, 589. 

Blastoidea, 289. 
Blastopore, 114. 
Blastosphere, 113. 
Blastostvle, 236. 
Blastotrochus, 227, 232. 
Blatta, 557. 
Blatthornkafer, 589. 
Blattkafer, 588. 
Blaulinge, 685. 
Blondwanzen, 572. * 

Blood-corpuscles, 32. 
Bockkafer, 588. 

Body cavity, 50. 

Body cavity, primary, 
50, 116. 

Bombardirkafer, 590. 
Bombus, 698. 
Bombycina, 583. 
Bombylius, 576. 
Bombyx, 581, 584. 
Bone/ development of, 
40, 42. 

Bonellia, 392. 

Bonnet, 133. 

Book-lice, 559. 

Bopyrus, 460. 
Borkenkafer, 688. 
Borlasia, 340, 342, 343. 
Bos taurus, origin of, 143. 



Bostrychus, 58ft. 
Bothriocephalidaa, 336. 
Bothriocephalus, 330, 
331, 337, 334, 327. 
Botrytis, 584. 

Botys, 682. 

Brachinus, 690. 
Brachiolaria, 281, 292, 

293. 

Brachionus, 404. 
Brachycera, 675. 
Brachyura, 478. 

Bracon, 695. 

Brain, 80, 82. 
Branchellion, 400. 
Branchiae, 69. 

Branchiae of Chaetopods, 
367. 

Branchiobdella, 400. 
Branchiopoda, 418. 
Branch iostegite, 463. 
Brancliipus, 419. 
Branchiura, 436. 

Braula, 575, 699. 
Brisinga, 293. 

Brissus, 297. 

Brittle stars, 293. 

Broil tot heridte, 173. 
Brown tubes of Gephy- 
riea, 388. 

Buckelzirpen, 571. 
Budding, 96. 

Buff on, 139. 

Bugs, 571, 667. 

Bunodes, 225. 

Buprestis, 589. 

Bursae of Opliiuridea, 

294. 

Bursaria, 205. 

Butterflies, 579. 

Calandrae, 588. 
Calanidae, 435. 

Calappa, 478. 

Calcareous sacs of Lum- 
bricus, 383. 

Calcareous sponges, 222. 
Calcispongiae, 222. 
Callidina, 404. 

Caligus, 436. 

Callianassa, 477. 
Calopteryx, 562. 
Calotermes, 659, 561. 
Calycophoridae, 249. 
Calycozoa, 254, 257. 
Calymene, 484. 
Calyptopis, 474, 
Camberwell beauty, 585. 
Camel-neck flies, 563. 
Campanularia, 242. 
Campanulariae, 241. 


Campodea, 654. 

Cancer, 478. 

Cantharidae, 588. 
Cantharis, 589. 
Canthocamptus, 435. 
Capillary, 63. 

Capitella. 377. 
Capitollidae, 375. 
Capitibranohiata. 381. 
Caprella, 454. 

Capsus, 572. 

Carabus, 590. 
Carchesium, 205. 
Carcinus. 478. 

Oardo. 523 
Caridida\ 477 
Carina of Cirripedia, 439. 
Carmarina, 242 
Carotid arteries. 66. 
Carp-lice, 438. 

Cartilage. 39. 

Cartilage calcified, 40. 
Oaryocrinus, 289. 
Caryophvll aeus, 326, 328, 
334. 338. 

Caryophvllia, 232. 
Catenula, 312. 313. 
Caterpillar. 549, 581. 
Catocala. 583. 
Catometopa, 478. 
Cecidomvia, 578. 
Cecidomyia, reproduc- 
tion of, 106, 128, 544. 
Cecrops, 436. 

Cell, 12, 29. 

Cellular tissue. 37. 
Central plate. 271. 
Centrolecithal, 112. 
Centrotus, 571. 

Cephalic branchia) of 
chaetopoda. 369. 
Cephalopoda, eye of, 90. 
Cepbalothorax of Arth- 
ropoda, 407. 
Ceplialotrichidae. 343. 
Cephalothrix,* 343. 
Cephalotroclia, 378. 
Oephca, 261. 

Cerambyx, 688. 
Ccraospongia, 221. 
Cerapus, 453, 455. 
Ceratium, 196. 

Cercaria, 129. 320. 
Cercaria macrocerca, 
321. 

Cerceris, 596. 
Cercomonas, 194. 
Cerebratulus, 343. 
Cerianthus, 225, 232. 
Cestidae, 263. 

Cestoda, 326. 


Cestum. 264, 265, 266. 
Cetochilus, 435. 

Cetonia, 590. 59(i. 
Ohaetifera, 389. 
Chaetogaster, 386. 
Chaetognatha. 357. 
Chaetonotus, 404. 
Chaetopoda, 367. 
Chaetopterus, 382. 
Chaetosomidse, 357. 
Ckalicodoma, 598. 
Ckalineae. 220. 
Charybdea 259. 
Oharybdeidae. 252, 254, 
Cheese-flies, 576. 
Cheese-mites, 492. 
Clieimatobia, 583. 
Cheiracanthus, 345. 
Chelicerae, 484. 

Chelifer, oil. 

' Ckelura, 463, 455. 
Chernies, 543, 570. 
Chermes. reproduction 
of. 127. 

Ohernetidae. 511. 

Chiaja. 266. 

Chigoe, 579. 

Cliilocorus, 587. 
Chilodon. 205. 
Dhilognatha, 520 
Chilopoda, 518. 
Cliirodota. 299. 
Chironomus, 578. 

Chitin, 79. 

Chlamydotnonas, 194. 
Chioeon, 561. 
Chlorophyll. 20. 21. 
Clilorops, 576. 
Chondracanthus, 436. 
Chorion, 98, 542. 

Choroid of eye, 88. 
Chromulina, 195. 
Chrondrosia, 221. 
Chrysaora, 261. 
Chrysididae, 596. 

Chrysis, 596. 

Chrysomela, 588. 
Chrysomitra, 246, 250. 
Chrysopa, 564. 

Chrvsops. 577. 
Chrysosoma, 576. 
Chthonius, 511. 

Chyle, 57, 67. 

Chylitic ventricle, 530. 
Chyme, 57. 

Cicada, 567, 571. 
Cicadellidae, 571. 
Cicadidae, 571. 

Cidaridea, 273. 274, 295, 
296. 

Cidaris. 296. 
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Ciliary body, 90. 

Ciliata, 196. 
Cilioflagellata, 196. 
•Cimbex, 694. 

Cincindela, 590. 

Cineras, 445. 

Cirri of Chaetopods, 367. 
Cini of Vermes. 307. 
Cirripedia, 438. 

Cirrus, sac of Trema- 
todes. 318. 

Cirrus, sheath of Cestoda, 
329. 

•Cirrus of Trematodes. 
318. 

Cistela, 589. 

Citigradse, 504. 
Citronvogel. 585. 
Cladocera, 419. 

Claspers of Tanaidae, 459 
Clathruiina, 188. 

Clava. 241. 

•Clavidae, 241. 

Claviger, 590. 

Cl avube, 272. 

ClavUlaj of Echi noidea. 
296. 

Claw. 34. 

Clepsidrina. 208. 
Clepsine, 4(»0. 

Clerus, 389. 

Climate, influence of, 
148. 

Climate in relation to 
fauna, 160. 
Clisiocampa, 584. 
Clitellus of Lumbricus 
323, 385. 

< dothes moth, 582. 
Clubiona, 504. 
Clypeaster, 297. 
Clypea&tridae, 295, 296. 

* Clypeastridea, 268, 273, 
296. 

Clythia, 242. 

Clythra, 588. 
Cnetliocampa, 584. 
Cnidaria, 222. 
Cnidoblast, 212, 223. 
Cnidocil, 223. 

Coccidae, 567, 568. 
Coccidia, 2011. 

Coccinella, 587. 

Coccus, 569. 

Coccygeal glands, 77. 
Cochineal. 569. 
Cockchafer, 590. 
Cocki*oach, 567. 

Codcsiga, 196, 
Coelenterata, 209. 
•Coelom, 50. 
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Coenenchym, 227. 
Coenobita, 478. 

Coenurus, 331, 333, 
Cold-blooded. 74. 
Coleoptera, 585. 

Colias, 585. 

Collembola, 553. 
Collospliaera, 191. 
Collozoum, 191. 
Colpodella, 194. 

Colpoda, 205. 

Columella of Actinozoa, 
228. 

Colymbetes, 590. 
Comatula. 276, 286, 288, 
289. 

Complemental males of 
Cirripedia, 442. 
Compsognathus, 177. 
Conchoderma, 445. 
Conjugation, 202. 
Connective tissues, 37. 
Conoehilus. 404. 

Conops. 576. 

Contractile Vacuole, 180. 
Convnluta, 311, 314. 313. 
Oonvolutidae, 313. 
Copepoda. 428. 

(" opr is. 590. 

Coral, mushroom, 232. 
Coral organ, 231. 

('oral Polyps, 223. 

Coral, ltd, 231. 

Coral reels, 230. 

Coral, star, 232. 

Coral, wiiite, 232. 
Corallium, 231. 
Cordylophora, 241. 
Corethra. 578. 

Coreus, 572. 

Coiixa, 572. 

Cornea, 87. 

Cornularia, 231. 
Corpuspira, 187. 
Coronula, 446. 
Corophium, 454. 
Correlation, 51. 
Corrodentia, 559. 
Corycseus, 436. 

Corydalis, 563. 
Corymorpha, 240, 241. 
Cossus, 584. 

Costa, 528. 

Costa of Actinozoa, 228. 
Coxa, 526. 

Crabro, 597. 
Crab-spiders, 504. 
Crambus. 582. 

Ciangon, 477. 
Craspedota, 238. 
Craspedota, 258. 


Craterolophus, 258. 

| Crayfish, 477. 

' Crevettina, 454. 

' Cribrellum, 499. 

I Crickets. 558. 

Crinoidea, 279, 286. 

I Crinoids, 289. 

I Criodrilus, 385. 

I Crocodilia, heart of, 67. 

I Crop, 57, 530. 

[ Crustacea, 411. 

: Cryptocephalus, 588. 

: Ciyptoniscus, 460. 
Cryptopentamera, 588. 
Cryptophialus, 446.. 

I Crystalline cone, 87. 

I Cteniza, 504. 
j Ctenodiscus, 275, 293. 

| Ctenophora, 261, 578. 
j Ctenophor tvjie, 211. 

I Cubitus, 528. 

• Cuckoo-spittle, 571. 

I Cucullauus, 348, 353. 

Cueullia, 583. 

I Cue umar ia. 299. 

I Culex, 578. 

I Culicidae, 574. 
j Culiciformes, 578. 
Cumacea, 469. 

Cunina, 239, 242. 
Curculionidae. 588. 
Cursoria, 556. 

Cutaneous irland, 77. 
Cuticle, 35. 

Cuvier, 135. 

Cuvieria, 297. 

Cuvier, organs of, in 
Holothuioidea, 298. 
Cyamus, 454. 

Cyanea, 261. 
Cyathophyllidae, 230. 
Cyclometopa, 478. 
Cyclops, 435. 

Cydippe, 265. 266. 
Cylieomastiges, 196. 
Cylicozoa, 257. 
Cymothoa, 460. 
Cynipidae, 694. 

Cymps, 594. 
Cyphopbthalmus, 506. 
Cypiidina, 427. 

Cypris, 428. 

Cypris-stage of Cirri- 
pedia, 443. 

Cyrtopia, 474. 
Cystiecreus, 332, 335. 
i Cystic-worm, 332. 

1 Cystidea, 289. 

I Cystosoma, 453. 

Cystotaenia, 335. 

I Cythere, 427. 
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Dactylocalyx, 221. 
Dactylozooids, 246. 
Dapbnia, 422. 

Darwin, 145. 

Dasychira. 683. 
Dasypoda, 597. 

Death-] lead moth, 584. 
Death-watch, 589. 
Decapoda, 475. 

Deep sea Fauna, 163. 

De Geer, 133. 
Degradation, 158. 
Delamination, 114. 
Demodex, 492. 
Dendrochirotie, 299. 
Dendroccela. 311, 314. 
Dendrocailum. 315. 
Dendromctridae, 583. 
Dendrophyllia, 233. 
Dentine, 41. 

Dermal branchiae, 277. 
Dermanyssus. 495. 
Dermatobia, 576. 
Dermatodectes, 492. 
Dermatophili, 492 
Dermatojitera, 556 
Dermestes, 590 
Derostomea, 312. 
Derostomum, 313. 
Descent, evidence in fa- 
vour of theory of, 151. 
Desmoscoleeidae. 357. 
Desor. Type of. 341 
Deutoplasm, 111. 
Development, 107. 
Diaptomus, 435. 
Diastylis, 470. 

Dittiugia. 186. 

Digenous reproduction, 
97. 

Digging- wasps, 596. 
Digonopora, 316. 

Diloba, 583. 

Dimorphism, facts of, in 
favour of theory of 
descent 152, sexual 
101, 153. 

Dinoccras, 173. 
Dinosauridse, 175. 
Dioecious, 100. 

Diopatra, 374, 379. 
Diphyes, 246, 250. 
Diplophysa, 250. 
Diplozoon, 324. 
Dipneumones, 504. 
Diporpa, 325. 

Diptera, 572. 

Direct development, 120. 
Directive l>ody, 109. 
Discoidal segmentation, 
112 . 


Discoidea?, 250. 
Discomedusa, 260, 261. 
Discophora ( Coelente- 
rate), 259, 394. 
Discophora, see Hiru- 
dinea. 

Dissepimenta of Actin- 
ozoa. 228. 

Dissepiments of Anne- 
lida, 364. 

Distomea, 318, 321. 
Distomum. 317, 322. 
Distomum cygnoides, 
321. 

Distomum lnematobiura, 
321. 

Dochmius, 350, 352. 
Doliehopus, 576. 
Dolomedes, 502, 504. 
Doritis, 585. 

Dorsibranchiata, 370, 379 
Dory laimus 357. 
Dracunculus. 356. 
Dragon-fly. 562. 

Dromia, 478. 

Drone, 598. 

Ductus Butalli, 66, 
Dung-flies. 576. 
Dmxicnum, 57. 
Dynamena, 242. 

Dysdera. 499. 

Dvtiseus. 590. 

Earwigs, 556. 

Eedysis of Arthropoda, 
407. 

Ecliinaster, 273, 293. 
Echineibothrium, 338, 
326. 

Echini seus, 497. 
Echinoeoccifer, 335. 
Echinococcus, 336. 331, 
333. 

Eehiuocucumis, 297. 
Echinocyamus, 297. 
Echinoderidae, 404. 
Echinodennata, 266. 
Ecbinoidea. 294. 
Ecliinomctra, 295, 296. 
Echinorliynehub, 362. 
Echinus, 296. 
Ecbiuroidea, 389. 
Eebiurus, 387, 392. 
Eciton. 696. 

Ectoderm, 213, 49, 116. 
Ectolecithal, 112. 
Ectolithia, 189. 
Ectoplasm, 54. 

Eisvogel, 585. 

Elastic fibres, 39. 

Elater, 689. 


Eleutheroblasteae, 240. 
Ellipsoceplialus, 484. 
Elytron. 369, 528. 
Embolic invagination, 
114. 

Embrvology in relation 
1 to descent theory, 157. 

, Embryonicdevclopment, 
119. 

Empidie. 576. 
Enchelidium, 357. 
Enehytraeus, 384, 
Encrinus, 289. 
Endoderm, 116 49, 213. 
Endogenous cell forma- 
tion. 30, 31. 

| Endomycliidai, 588. 
Endoplasm, 54. 
End-organs, 47. 
Endoskeletou, 79. 
Endothelium, 34. 
Enopla, 339, 342. 
Enoplas, 357. 
Enteroccele, 116. 
Enteroplea, 404. 
Enteropneusta, 299. 
Entoeoncha, 299. 
Entolithia, 189. 
Entomophaga, 594. 
Entomostraea, 416. 

| Entoniseus. 459, 460. 
Entozoa, 308. 

Epeira, 505. 

Ephemera, 531, 562. 
EpheiDcridae. 561. 
Ephialtes, 595. 
Ephippigera, 558. 
Ephryopsis, 261. 

Ephyra, 125, 253, 251. 
Ephyra-Medu3ae, 259. 
Epi blast, 114. 

Epibole, 115. 

Epimerum, 525. 
Epipharynx, 524. 
Episternum. 525. ' 
Epi-stom of Decapoda, 
476. 

Epistylis, 205. 
Epithelium, 34. 

Equitidse, 585. 
Equus,phv]ogeny of, 1 72. 
Erebia. 585. 

Erichthus, 472. 

Eristalis, 576. 

Errantia, 378. 

Erythrams, 495. 
Eschscholtzia, 266. 
Estheria, 41 9. 

Eucephala, 577. 

Eucharis, 266. 

Euchlanis, 404 



606 


INDEX. 


Europe, 242. 
Eucopepoda, 435. 
Eucopidffi, 234, 224, 242. 
Eucyrtidium, 190. 
Eudendrium, 241. 
Eudoxia, 250. 

Euglena. 196. 

Euglypha, 180. 
Euisopoda, 400. 

Eunice, 379. 

Euphausia, 475. 
Euphausia, eyes of, 409. 
Euplectella, 221. 
Euprepia. 583. 
Emhamphsea, 206. 
Euryalid®, 273, 275. 294. 
Eujylepta, 316. 
Euiypterus. 480. 
Eusmilia. 232. 
Euspongia, 221 . 
Eustrongylu^, 352. 
Eutermes. 559. 

Eutyphis, 450. 

Evadne, 422. 

Evania, 595. 
Exoskeleton, 78. 

Eyes, 85. 

Fabricia 372. 

Facetted eve, 88. 
Faltenmucke, 578. 

Fan of Arthiopoda, 409. 
Fan -tracheae. 70, 410. 
Fasciola, 310. 

Fascioles 272,296. 

Fat, 39. 

Fauna of deep sea, 163. 
Fauna, relation of to re- 
cent fossil forms, 170. 
Feathers, Sea, 231. 
Federgeistchen, 682. 
Femur, 526. 

Fertilisation of ovum, 
109. 

Fettschabe, 582. 
Feuerwanze, 572. 
Fibrillar tissue, 38. 

Field cricket, 558. 
Figites, 594. 

Filaria, 347, 349, 352, 356. 

,, host of, 356. 
Filariid®, 355. 

Filigrana, 382. 

Final causes, doctrine 
of, 51. 

Fir-tree lice, 670. 
Fission, 96. 

Flabellum, 232. 
Flagcllata, 193. 

Flata, 571. 

Flea, 579. 


Fleischfliege, 576. 

Flies, 575. 

( Flo^eularia 404. 
Floscularid®, 404. 
Fasnus, 595. 

Foramen Panizzae, 67. 
Foraminifera, 184. 
i Fore-gut, 50. 
i Forficula, 550. 

Formica, 596. 

! Formicid®, 595. 

I Forskalia, 249. 

1 Fossils, Conditions of 
| formation of. 168 ; Re- 
lation of, to living 
' species 170. 

I Fossoria, 596. 

* Free cell formation, 30. 
i Fringing- reefs, 230. 

1 Fritillary, 585. 

I Frost-buttei flics, 583. 
Fulgora. 571. 

Fumea, 584. 

Fuimia, 232. 

1 Fungicol®, 578. 

Fungid® 232. 

( Furcilia. 474. 

Gabelschw anz, 584. 
i Gadflies. 576. 

Galathea, 477. 

Galaxea. 232. 

Galea, 523. 

G.deodes, 512. 

Galleria, 582. 

Gall flies, 578. 

Gall-flies. Reproduction 
of. 128. 

Galhcola, 594. 

Gallicol®, 578. 

Galls, 594. 

Gall-wasps, 594. 
Gamasus, 496. 
Gamraarus, 455. 
Ganglion cells, 46. 
Gastraca theory, 118. 
Gastropacha, 584. 
Gastrophilus, 576. 
Gastrotricha, 404. 
Gastsotrocha, 378. 
Gastro vascular space of 
Ccelenterata, 209. 
Gastro-vascular system, 
60. 

Gastrula, 49, 114, 118. 
Gastrus, 570. 

Gebia, 477. 

Gecarcinus 469, 479. 
Gclasimus, 479. 
Gelatinous sponges, 221. 
Gemmules,218. 


Genera, Origin of, 149. 
Generatio equivoca, 10. 
G eocentroj >hora, 3 1 3. 
Geocores 672. 
Geodesmus, 316. 
Geographical distribu- 
tion, 159. 

Geological periods, Cha- 
racteristics of 1 77. 
Geological record, Im- 
perfection of, 168. 
Geological table, 165. 
Geometra, 583. 
Geometrid®, 580. 
Geometrina. 582. 
Geophilus, 519. 

Geoplana, 310. 

Geoplan id®, 315. 
Geotiupes, 590. 
Gepliyrea, 380. 
Germ-cell, 105. 

Germinal bands, 647. 
Germinal dibc, 112. 
Geinnnal streak, 115. 
Germinal vesicle, 110. 
Germs of Trematodes, 
319. 

Germ-stock, 90. 
Geiyonia, 239, 242. 
Geryonopsid®, 242. 
Gessner 133. 

Gibocellum, 500. 
Gigantostraca, 479. 

Gills 09, Tracheal, 70. 
Glabellum, 484. 

Gland, 36. 

Glands, cutaneous, 77. 
Glassy sponges, 221. 
Glaucoma, 205. 

Gleba, 250. 

Globigerina. 187. 
Glomeris, 610, 521. 
Glomerulus, 77. 

Glossa, 524. 

Glow-worm, 689. 
Glycera, 377, 379. 
Olyciphagus, 493. 
Glyptodon, 170. 

Gnat, 578. 

Gnathobdellid®, 400. 
Gnathostoma, 345. 
Gnathostomata, 435. 
Goethe, 137. 

Goldfliege, 570. 

Gold- wasps, 690. 
Gonium, 195. 

Gonophore, 237. 
Gonophores of Biphono- 
phora, 240. 

Gonospora, 208. 
Gonyleptus, 506. 
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Gordiidae, 366. 

Gordius, 346, 346, 348, 
367. 

Gorgonia, 231. 
Gorgonidas, 224. 

Grain- worms, 682. 

Grant ia, 217, 222. 
Grapholitha, 682. 
Grapsus, 479. 
Grasshoppers, 567. 
Gregarinidae, 207. 
Grcssoria, 557. 

Gromia, 187. 

Gryllotalpa, 527, 558. 
Grylhis, 558. 

Gymnooopa, 380. 
Gymnophthalmata, 238. 
Gynaecophorus, 322. 
Gyrator, 314. 
Gyrodactylus, 325. 
Gyrojxjltis, 438. 

Haematopota, 577. 
HaBinatozoa, 356. 
Haementaria, 400. 
Haemoglobin, 33. 
Haemopsyj, 400. 
Hairstreak butterflies, 
685. 

llalichondriie, 221. • 

Halieryptus, 394. 
Halisarca, 221. 
Halistemma, 249. 

Halla, 379. 

Halocypris, 427. 
Halomitra, 232. 
Halosauridie, 175. 

Hal teres, 528, 572. 
Halteria, 205. 

Haltica, 588. 

Hamm, 133 
Harlequin, 583. 
Harpacticus, 485 
Harpalus, 690. 

Harpyia, 584. 

Harvey, 133. 
Haustellum, 573. 
Haversian canals, 41, 
Hawk-moths, 584. 

Heart of vertebrata, 
Evolution of, 64. 

Heat, animal, 73. 
Heliaster, 293. 
Heliosphaera, 190. 
Heliozoa, 187. 
Hemerobidae, 564. 
Hemerobius, 564. 
Hemiaspis, 480. 
Hemiaster, 279. 
Hemielytra, 571. 
Hemiptera, 666, 671. 


Henops, 570. 
Hepato-pancreas, 59. 
Hepiolus, 584. 

Herbert on fertility of 
Hybrids, 142. 
Heredity, 145. 
Hermaphroditism 99, in- 
complete, 100. 
Hermella, 382. 

Hermit Crabs, 478. 
Hesperia, 585. 
Hesperornis. 170. 

Hessian fly, 578. 
Heterodera, 357. 
Heterogamia, 555, 557. 
Heterogam v, 127. 130, 
131, 543. 

H et erogamy , incom- 

plete, 131. 

Ileterogjma, 590. 
Heteromera, 688. 
Heteronereis, 373, 379. 
Heterotricha, 205. 
Heuschrecken, 557. 
Hexactinellidae, 220. 

H exactinia, 231. 
Hexapoda, 521. 
Hibernation, 74. 

Hilaire, E. G. St., 137. 

,. „ on mu- 

tability of species, 1 44. 
Hind gut, 50. 

Hippa, 478. 

Hipparchia, 585. 
Hipparion, 172. 

Hippidas, 477. 
Hippobosca, 575. 
Hippudidse, 249. 
Hirudinea, 394. 

Hirudo, 400. 

Hi spa, 588. 

Hister, 590. 

Histolysis, 550. 

History of Zoology, 131. 
Holobhistic, 111. 
Holopus, 289. 
Holothuria, 299. 
Holotliurians, 279. 
Holothuroidea, 297. 
Holotrieha, 204. 
Holzfliegen, 577. 
Homarus, 477. 
Homology, 62. 
Homoptera, 570. 

• Homothermic, 74. 
Honey-dew, 569. 

Hoof, 34. 

Hormiphora, 266. 
Hormiscium, 206. 
Hornets, 597. 

Horny sponges, 221. 


Horse-louse, 575. 
House-fly, 576. 

Humble bee, 598. 
Hummelfliegen, 676. 
Humming-bird Hawk- 
moth, 684. 

Hyalonema, 222. 
Hyalospongia, 221. 
Hybrid 142, Fertility of, 
142. 

Hydatid plague, 336. 
Hydatina, 404 
Hydra, 240. 

Hydraohna, 495. 
Hydractinia, 241. 
Hydranth, 244. 
Hydrobius, 590. 
Jlydroeoralliae, 240. 
Hydrocores, 571. 
Hydromedusae, 236, 
Hydromctra, 572. 
Hydropliilus, 590. 
Hydrophilus, develop 
ment of, 545. 
Hydrophyllia, 246. 
Hydropsyche, 565. 
Hydrosoma, 244. 
Hydrotheca, 241, 234. 
Hydrozoa, 233. 
Hylobius, 588. 
Hymenocaris, 448. 
Hymenoptera. 590. 
Hyperia, 455. 

Hyperidae, 455. 
Hyperina, 455. 

Hyper met am orphosis, 
548, 588. 

Hypoblast, 114. 
Hyj>oderma. 576. 
Hypodermis Arthropoda, 
407. 

Hypodermis of Vermes, 
303. 

Hypodermis or Nema- 
toda, 345. 
Hypopharynx, 524. 
Hypopus, 493. 
Hypotriclia, 205. 
Hystrix, 379. 

lbla, 445. 

Ichneumon, 595 
Ichthydina, 404. 
Iehthyobdellidae, 399. 
Ichthyornitlies, 175. 
Idotea, 460. 
ldyopsis, 266. 

Ilia, 478. 

Ileum, 57. 
lmaginal disc, 550. 
Imago, 548. 
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Imperforata, 187. 
Inachus, 478. 
Inaequitelse, 504. 
Individual, 24, 25. 
Infundibulum of Cteno- 
phora, 203. 

Infusoria, 191. 

Insccta. 521. 

Instinct, 94. 

Iphimedia, 453. 

Irenseus, 435. 

Iris, 88. 

Irregular Sea-urchins, 
268. 

Isidor of Seville, 133 
Isis, 231 
Isogonis>m, 240. 

IsojKxla, 450. 

Isopod>, Parasites of, 
302. 

Itch-mites. 492. 

Ixodes. 493. 

Japyx. 528, 554. 

Jassus, 671. 

Jejunum. 67. 

Jera, 460. 

Julus, 521. 

Kammmucke, 578. 

Ke mies, 569. 

Kidneys, 75. 

Klein zirpen, 571. 
Koehlorine, 440. 
Kohlschnaken, 578. 
Kolumbaczer. 577. 
Kommotte, 582. 
Kupferglucke, 584. 
Kurzdeck fi iigler, 590, 

Labidura, 556. 

Labium, 523. 

Labrum. 523. 

Lac, 569. 

Lachnus, 570. 

Lacinia, 523. 

Lacon, 589. 

Lady-bird, 587. 
Laemodipoda, 454. 
Lagena, 187. 

Lamark, 144. 
Lamellicomia, 689. 
Lamia, 527, 588. 
Lampyris, 536, 589. 
Land-bugs, 572. 

Land Grabs, 479. 
Langwanzen, 572. 
Lantern-carrier, 571. 
Laomedea, 242. 

Laphria, 576. 

Larentia, 583. 


Larva, 119. 

Larva of Lov6n, 302. 
Lasia, 570. 

Lateral lines of Nema- 
toda, 340. 
Laterigradie, 504. 

Laurer ’s canal, 318. 
Leaf-flea, i70. 

Leaf -lice, 570. 
Leaf-wasps, 594. 
Lecamum. 543, 569. 
Ledermiiller, 133. 

Ledra, 571. 

Leech, 394. 
Leeuwenhoek, 133. 
Lemnisci of Acanthoce- 
phala, 300. 

Lens, 87. 

Lepadida?, 445. 

Lepas. 415. 
Lepidocentrus, 295. 
Lcpidoptera, 579. 
Lepisma, 554. 

Leptida*. 577. 

Leptodera, 350, 357. 
Leptodiseus, 198. 
Leptodora, 422. 
Leptoplana, 311, 310. 
Leptobtraca, 448. 

Leptus. 495 
Lerna*a, 430. 

Lernseooera, 430. 
Lerrueodiseus, 447. 
Lernaeopodida', 436. 
Lestornife. 177. 
Lestrigonus, 455. 
Leucaltis. 222. 
Leueandra. 222. 
Lcucetta, 222. 
Jjeuchtzirpen, 571. 
Leucifer, 471, 470.. 
Leueilla, 222. 
Leucochloridium, 321. 
Leucon, 470. 

Leuconia, 222. 
Leuconidse, 217. 

Leucons. 222. 

Leucortis. 222. 
Leuoosolenia, 217, 222. 
Leuculmis, 222. 

I^eucyssa, 222. 

Levantine singes, 221. 
Libellula, 541, 562. 
Libellula, Development 
of, 545. 

Libellula, Rectal respi- 
ration of, 72. 

Lice. 568. 

Lice-flies, 675. 

Ligia, 459, 460. 

Ligula, 338. 


Ligulidte, 328. 
Limenitis, 585. 
Limexylon, 589. 
Limicolas, 385. 
Limnobates, 572. 
Limnobiidas, 578. 
Limnochares, 495. 
Limnodrilus, 385. 
Limnoria, 455, 460. 
Limulus, 483. 

Lina, 588. 

Linekia, 292, 293. 
Lineus, 343. 
Linguatulida, 487. 
Linnaeus, 134. 

Liotheum. 568. 

Liparis, 583. 

Liriope, 242. 

Lithistidae. 220. 
Lithobius, 520. 

Lit bodes, 478. 

• Lit hotry a, 444. 

Liver, 59. 

I Liver Fluke, 317. 322. 

I Li via, 570. 

Lobophora, 258, 297. 

I Lobosa. 185. , 

Lobster, 477. 

Locusta, 558. 

, Longhorns. 577. 

Longjooriiia, 588. 

I Loopers. 582. 

| Lophogaster, 475. 
Lophoseris, 232. 
Loricata, 477. 

Lovcn’s larva, 308, 362. 
Lueanus, 589. 
Lucernaria, 258. 
i Luidia, 275, 293. 
i Lumbriculus, 386. 

| Lumbrieus. 386. 

1 Lungs, 09. 

Lungs, Effect of ap- 
pearance of, on vascu- 
lar system, 05. 
Lycamida?, 585. 
Lycaretus, 374. 
Lycoridie. 379. 

Lycosa, 604. 

Lyda, 694. 

Lyell, 144. 

Lyell’s doctrine of gra- 
dual changes, 166. 
Lygpeus, 572. 

Lymnreus, Pulmonary 
cavity of, 72. 

Lymph, 67. 

Lymphatic system, 67. 
Lysianassa, 451, 455. 
Lysidice, 379. 

Lystra, 571. 



INDEX. 


609 


Lytta, 689. 

Machilis, 554. 
Macrobiotus, 497. 
Macroglossa, 684. 
Macros tomum, 812. 
Macrura, 477. 

Macula acustica, 85. 
Madrepora, 233. 
Madreporaria, 228, 232. 
Madrepores, 229. 
Madreporic plate, 273. 
Madreporidie, 233. 
Masandrina, 232. 
Maiandrinidse, 229. 
Maggot, 549. 
Magpicmoth, 583. 

Maja, 478. 

Malachius, 589. 
Malacobdella, 342, 343. 
Malacodermata, 589. 
Malacostraca, 447. 
Mallopbaga, 588. 
Malpighi, 133. 
Malpighian body, 78. 
Malpighian tubes. Arth- 
ropoda, 109. 
Malpighian tubules, 75. 
Mammalia* , Vascular 
system of, 67 . 

Man, First traces of, 1 78 
Mandibles of Crustacea, 
4 * 2 . 

Manna, 569. 

Mantis, 527, 557. 
Mantispa, 584. 
Manubrium, 211. 
Marginal bodies, 234, 
239, 254. 

Marine Fauna, 162. 
Marrow, 41. 
Marsupialida. 258. 
Marsupialis, 252. 

Mask, 562. 

Masticatory organs, 56. 
Maxilla of Crustacea, 
413. 

May Flies, 661. 
Meal-worm, 589. 
Mockelia, 843. 

Medusa aunt a, 261, 
Medusae, 236. 

Medusa, Relation of to 
Polyp, 236. 

Medusa type, 211. 
Medusites circularis,256. 
Medusoids, 211. 
Megachile, 598. 
Megalonyx, 170. 
Mcgalotrocha, 401. 
Megatherium, 170, 173. 


Melicerta, 404. 

Melipona, 599. 

Melitaea, 585. 

Melitliaea, 231. 

Mcloe, 589 
Melolontlia, 590. 
Mclophagus, 576. 
Membracis, 571. 
Membranacei, 572. 
Membranous labyrinth, 
85. 

Menopon, 568. 

Men turn, 524. 

Mermis, 345, 356. 
Mcrmithida*, 356. 
Mcroblastic, 111. 
Meromyaria, 345. 
Merostomata, 479. 
Mesenteric filaments, 
224. 

Mesoderm, 116, 213. 
Mesostomea, 313. 
Mesostomum, 313. 
Mesothorax, 525. 
Mesotrocha, 378. 
Metabolism, 10. 
Metaehzeta. 378. 
Metagenesis, 123, 130. 
131. 

Metamere, 27. 305. 
Metamorphosis, 126. 
Metamorphosis retro- 
gressive, 158. 
Metanauplius, 432. 
Metathorax, 525. 
Metazoa, 54. 

Metoecus, 589. 

Miastor, 578. 

Miastor, Psedogenesis of. 
544. 

Micrococcus, 206. 
Microgaster, 595. 
Microlepidoptera, 582, 
Micrommata, 504. 
Microstomca, 312. 
Microstomidie, 309. 
Microstomum, 314. 
Microtajnia, 336. 
Micrura, 343. 

Midgut. 66. 

Migration, 74. 

Miliola, 187. 

Millepora, 241. 
Milleporidse, 233. 
Milnesium, 497. 

Mimicry, 155. 

Miris, 572. 

Mites, 489. 

Mole cricket, 558. 
Molpadia, 299. . 

Monadinae, 193. 


Monads, 194. 

Monas, 194, 206. 
Monera, 182. 

Mongrels, Sterility of, 
143. 

Monocaulus, 240. 
Monocelis,311, 313. 
Monocystidca, 208. 
Monoeystis, 208. 
Monogenous reproduc- 
tion, 97. 

Monogonopora, 315. 
Monophycs, 260. 
Monostomum, 317. 321. 
Monothalamia, 186. 
Morphology, 52. 
Morphology, Evidence 
of, for descent theory 
151. 

Mososaurus, 175. 

Mucous connective tis- 
sue, 37. 

Mullerian duct, 101. 
Mundhorn-fliege, 57 G. 
Musca, 576. 

Muscardinc, 584. 
Muscaria, 575. 
Musciformes, 577. 
Muscle-epithelium, 43. 
Muscular tissue, 43. 
Mushroom coral, 232. 
Mutilla, 696. 
Mycetophila, 578. 
Mygale, 504. 

Mygalidae, 499, 504. 
Mylodon, 173. 

Myoblast, 43. 

Myriapoda, 514. 
Myrmecia, 504. 
Myrmecophila, f 96. 
Myrmedonia, 590. 
Myrmeleou, 664. 
Myrmica, 596. 

Mysis, 474. 

My sis, Auditory organ 
of, 414. . 

Mystacides, 565. 
Myxospongia, 221. 
Myxospongite, 220. 
Myzostoma, 380. 

Nadina, 313. 

Naidese, 385. 

Nail, 34. 

Nais, 386. 

Natural selection, 145. 
Natural system, 160. 
Naucoris, 527, 572. 
Nauplius, 406, 415. • 

Nausithoe, 260, 261. 
Nausithoe, Eye of, 265. 
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Nautilus. Eye of, 90. 
Nebalia, 448. 
Necrophorus, 69(X 
Necto calyces, 246. 
Nematbelminthes, 343. 
Nematocalyces, 242. 
Nematocysts, 212. 
Nematus, 543, 694. 
Nemerte8, 342, 343. 
Nemertiui, 339. 
Nemocera, 577. 
Nemoptera, 564. 
Nemura, 561. 

Nepa, 527, 534, 572. 
Nephelis, 400. 
Nephridia, 308. 
Nephrops, 477. 
Nereilepas, 379. 

Nereis, 379. 

Nerve fibre, 46. 

Nerve tissue, 45.. 
Nervous system. Grada- 
tions of, 80. 

Nervures, 528. 
Neuromuscular cells, 80. 
Neuropodia of Annelids, 
365. 

Neuroptera, 562. 
Niphargus. 455 
Nx'tiluca, 196. 

Noet uiformcs, 678. 
Noctuina 583. 

Noraa<la, 597. 

Nonionina, 184. 
Notodelpliys, 435. 
Notcxlonta, 584. 
Notodromus, 428. 
Notommata, 401, 404. 
Notonecta, 672. 
Notoi>oda 478. 
Notopodia of Annelids, 
365. 

Notum, 525 
Nuclear fluid, 29. 
Nuclearia, 194. 

Nuclear plate, 30. 
Nuclear substance, 29. 
Nucleolus, 29. 

Nucleus, 12, 13, 29. 
Nucleus, Division of, 3o. 
Nummulina. 187. 
Nutritive polyp, 236. 
Nut-weevil, 588, 
Nycteribia, 575 
Nymphaliadae, 585. 
Nymphula, 582. 

Obelia, 242. 

Obisium, 511. 

Oceanidse, 234. 

Ocellata, 239, 241. 


Ochracea, 195. 
Octactinia, 230, 231. 
Octobothrium, 324. 
Octorchis, 242. 

Ocular plates, 278. 
Oeulina, 232. 

Oculinidae, 229. 

Ocypoda, 478. 
(Xlontolcae, 176. 
Odontornithes, 175 
Odontosyllis, 379. 
Odynerus, 597. 
(Ecodoma, 596. 
CEdemera, 588. 

CEdipoda, 558. 

(Erstedtia, 340. 
(Esophagus of Antliozoa, 
60. 

tEstride, 542, 576. 
(Kstropsida*, 564. 

Okcn, 137. 

Olenus, 484. 

Olfactory organs. 91. 
Oligochseta, 382. 
Olyntlius. 217. 

Omalium. 590. 

• Onchocotyle, 324. 
Oniscus, 460. 

, Ontophilus, 590. 
Onychopliora, 512. 
Oostegites of Arthros- 
traca, 151. 

Oj»alinai. 204. 

Opcrculata, 446. 
Ophiactis, 292. 
Ophidiaster, 273, 293. 
Ophioderma, 294. 

J Ophioglypha, 294. 

Ophioiepis, 294. 

I Ophion, 595. 
i Ophiothrix, 294. 

Ophiura, 294. 
Ophiunde,273, 275. 279. 
Ophiuridea, 291, 293. 

, Ophiuside, 583. 
Opisthomum, 313. 

Oral pole of Echinoder- 
matu, 268. 

Orbital®, 505. 

Orbulina, 187. 

Orchestia, 455. 
Ordeusbander, 583. 
Organ, 25. 

’ Organ coral, 231. 
Oribates, 495. 

Orohippus, 172. 
Orthoptera, 654. 

Orthosia, 683. 

Oryctes, 590. 

Orygia, 683. 

Osculum. 210. 


Osmia, 598. 

08mylus, 564. 
Osteoblasts, 42. 
Ostracoda, 423. 

Otion, 445. 

Otolith, 85, 239. 

Otolith plate of Cteno- 
phora, 264. 

Ovary, 97. 

Ovipositors, 529. 

Ovum, 33, 97. 

Ovum, fertilization of 
109. 

Oxycephalus, 456. 
Oxyrfiyncha, 478. 

Oxy stomata, 478. 
Oxytricha, 205. 

Oxyuris, 344, 348, 351. 

Pedogenesis, 128 
Pag unis, 478. 

Painted Lady, 585. 
Paleastcr, 292. 

Paiemon, 220, 477. 
Paleocarabus, 469. 
Palaeocrangon, 469. 
Paleontology, Evidence 
in favour of descent 
theory, 163 

Paleae of Annelids, 368 
Palingenia, 562. 
Palinurus, 477. 

Pall of Actinozoa, 228 
I Pallas on domestic hy- 
brids, 143 
! Palp, 413, 523. 
j Pal pares, 564. 

‘ Paipicornia, 690. 

Palps of Chetopoda, 3G9. 
Pandora, 266. 

Panorpid®, 563. 

Papilio, 585. 

Paraglassa, 524. 
Parameceium, 205. 

, Paramere, 27. 
Paranucleus. 201. 
Paraprxlia, 305, 366. 
Parasita, 435. 

Parasitica, 567 
Parthenogenesis, 105, 
410, 543. 

Parthenogenesis of Phyl- 
lopoda, 418. 
Paste-worm, 357. 
Pauropus, 521. 

Peacock butterfly, 585. 
Pectinaria, 382. 

Pedal ganglion, 82. 
Pedata, 299. 

Pedicellarie, 271. 

* Pediculus, 568, 589. 
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Pedipalpi, 506. 
PedipalpuM, 484. 
Pedunculata,- 445. 
Pelagia, 236, 260, 261 
Pelodera, 357. 

Pelodytes, 346, 350. 
Pcltoearis, 448. 
Peltogaster, 447, 460 
Pelzfresser, 568. 
Pelzkafer, 590. 

Pelz motto, 582. 
Pemphigus, 570. 

Penaeus, 477. 

Penella, 436. 

Pcnnatula, 231. 
Pcnnatulidas, 231. 
Pentacrinus, 289. 
Pentacta, 274. 
Peiitamera, 589. 
Pentastomidae, 408. 
Pentastomum, 488. 
Pentatoma, 572. 
Pentatrematites, 289. 
Perforata, 181, 232. 
Perichondrium, 39 
Peridinium, 196. 
Periosteum, 41. 
Peripatus, 514. 
Periplaneta, 557. 
Pcrischiechinidae, 295. 
Peritricha, 205. 

Perla, 561. 

Perlidjp. 661. 

Petal opus, 180. 
Phalangiida, 505. 
Pliancrocpj’paj, 255. 
Phanero-codonic gono- 
phore, 236. 
PhascoloBoma, 394. 
Phasma, 557. 

Philodina, 404. 
Pliilopterus, 568. 

Pholcus, 505. 

Phora, 576. 

Phorouis, 389. 
Phosphorescent organs 
of insect, 536. 
Phoxichilidium, 496. 
Phreoryctes, 386. 
Phrouima, 455. 

Phrosina, 465. 
Phryganea, 565. 
Phryganidae, 664. 
Phrynus, 607. 

Phthirius, 668. 
Phyllacanthus, 296. 
Phyllium, 557. 
Phyllophorus, 278. 
Phyllopoda, 416. 
Phyllosomatft, 471. 
Phylloxera, 570. 


Phylloxera, Reproduc- 
tion of, 128. 
Phytogeny, 122. • 
Physalia, 244, 249. 
Physematium, 194. 
Physometridae. 583. 
Physophora. 248, 249. 
Physophoridai, 244, 248. 
Physopoda, 559. 
Phytophaga, 594. 
Phytophtliires, 568. 
Pieris, 585. 

Pigment of eye, 86, 88. 
Pilidium, 341. 

Pilzfliegen, 576. 

Pilzkafer, 588. 
Pilzmiicken, 578. 

Pimpla, 595. 

Pinnotheres, 478. 
Pinnulae, 270. 288. 
Piophila, 576. 

Pirates, 572. 

Pisa, 478. 

Pisces, vascular svstem 
of, 64. 

Pi.scicola, 399. 

PI a nan a, 315. 

Plane, median, 27 ; sa- 
gittal, 27 : transverse, 
27. 

Planipennia, 563. 
Plant-lice, 569. 

Plants anil animals, 15 
Planula, 117. 124, 255. 
Plasmodium, 30. 
Platygaster, 594. 
Platygaster, larva* of ,549. 
Platyhelminthes, 309. ‘ 

Platypezidie, 576. 
Platyscelus, 456. 

Plcopods of Isopoda, 457. 
Pleuron, 483, 525. 

Pliny, system of, 132. 
Ploteres, 572. 
Plume-moths, 582. 
Plumularia, 237, 242. 
Plusiadae, 583. 

Pluteus, 281, 282, 292, 
294, 296. 

Pneumatocyst, 244. 
Pneumatophore, 214. 
Pneumora, 555. 
Podocerus, 455. 
Podocoryne, 237, 241. 
Podophora, 296. 
Podophrya, 205. 

Podura, 654. 
Poikilothermic, 74. 
Poison glands, 532. 

Polar areas of Uteno- 
phora, 264. 


Polar body, 104. 

Polian vesicles, 272. 
Polistes, 566, 597. 
Pollicipes, 445. 
Polyactinia, 225, 
Polybostrichus, 372,379. 
Polycelis, 311, 315. 
Polychaeta, 374. 
Polycirrus, 378. 
Polycladus, 311. 
Polycystidea, 208. 
Polycystinidae, 190. 
Polycyttaria, 196. 
Polydesmus, 521. 
Polydora, 382. 
Polygastrica, 192. 
Polygordius, 375. 
Poiymorphina, 180. 
Polymorphism, 23, 126. 
Polymorphism, Facts of, 
in favour of Theory 
of Descent, 162. 
Polymorphism of social 
insects, 155. 
Polymyaria, 345. 
Polynoe, 379. 
Polyommatidae, 585. 
Polyophthalmus, 372. 
Polyparia, 227. 
Polyphemus, 422. 
Polypoid, 211. 
Polypomedusae, 233. 
Polyp type, 210. 
Polystomea, 31 7, 318,322 
Polystomella, 187. 
Polystomum, 323, 324. 
Polythalamia, 186. 
Polyxenus, 521. 
Polyzonium, 515, 521. 
Pompilus, 597. 
Ponlobdella, 400. 
Pontonia, 477. 
Porcellana, 460, 478. 
Porcellio, 457, 460. 
Porifera, 214. 

Porpita, 250. 

Portunus, 478. 
Postabdomen of Arthro- 
poda, 407. 

Postscutellum, 526, 691. 
Pou de poissons, 438. 
Prachtkafer, 589. 
Prajabdomcn of Arthro- 
pods, 407. 

Pnestomium of Chaeti- 
fera, 387. 

Prpmiza, 459. 

Prawns, 477. 

Praying insect, 557. 
Priapulus, 394. 

Primitive streak, 115. 
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Prion us, 588. 

Procrustes, 690. 
Proglottis of cestoda,326. 
Proleg, 649. 

Pronucleus, 109. 
Prosoponiscus, 461. 
rrosorochmus, 340, 341 . 
Prostate, 99. 
Prostomum,31 1 , 31 2, 3 1 4. 
Protaster, 292. 
Proterosaurus, 177. 
Prothorax, 525. 
Protodrilus, 306, 375. 
Protolcpas, 446. 
Protoplasm, 12. 
Prototracheata, 512. 
Protozoa, 182. 

Protula, 372, 382. 
Proventriculus, 530. 
Pselaphus, 590. 
Pseudonavicellae, 208. 
Pseudophyllidas, 338. 
Pseudopodia, 54. 186. 
Pseudopupa, 593. 
Pseudoscorpionidea, 510. 
Pseudospora, 194. 
Pseudotetramera, 588. 
Pseudova, 514. 
Pseudovaries of Aphides, 
106. 

Psocus, 559. 

Psolus, 299. 

Psorosperms, 208. 
Psyche, 543, 584. 

Pay chid w, 581. 

Psychoda, 578. 

Psylla, 670. 

Psyllidie, 570. 

Psyllodes, 570. 

Pteraster militaris, 284. 
Pterodactylidai, 175. 
Pteromalus, 594. 
Pteronarcys, 561. 
Pterophorus, 582. 
Pteroptus, 495. 
Ptcrygotus, 480. 

Ptinus, 589. 

Ptychoptera, 578. 

Pulex, 579. 

Pupa, 548. 

Pupa coarctata, 551, 574. 
Pupa libera, 551. 

Pupa obtecta, 551, 571, 
575. 

Pupa of Cirrpedia, 443. 
Pupil, 88. 

Pupipara, 642, 675. 
Purple, visual, 87. 
Pygidium, 484. 

Pygidium of (Joleoptera, 
586. 


Pygnogonida, 495. 
Pygocephalus, 469. 
Pyraiis, 582. 

Pyrophorus, 589. 
PyrThocoris, 572. 

Quadrilatera, 478. 

Radial vessels, 272. 
Radiata, 266. 

Radii of Echinodcrmata, 
267. 

Radiolaria, 189. 

Radius, 528. 

Rami commumcantes, 
82. 

ltanatra, 534, 572. 
Raudwanzen, 572. 
Rajjacia, 379. 

Raphidia, 563. 
Raubfliegen, 576. 

Ray, 134. 

Reaumur, 133. 
Receptaculum seminis, 
99. 

lledi, 133. 

Redia. 129, 319. 
Iteduvidaj, 572. 
Iiegenbremse, 577. 
Renilla, 231. 

Reptiles, Vascular sys- 
tem of, 66. 

Respiration, Renewal of 
external medium, 72. 
Respiratory organs, 67. 
Respiratory trees, 277. 
Reticular connective 
tissue, 38. 

Reticularia, 186. 

Retina, 87. 

Retinacula of Acantlio- 
ccphala, 359. 
Retinulai, 88. 

Rhalwlitis, 344, 349, 357. 
Rhabdococla, 311, 313. 
Rhabdonema, 346. 350. 
Rliabdosoma, 455. 
Rhachis, 483. 

Rhipidius, 589. 
Rhipidogorgia, 231. 
Rhipij)horus, 589. 
Rhizocephala, 446. 
lthizocrinus, 289. 
Rhizoglyphus, 492. 
Rhizopoda, 181. 
Rhizostoma, 261. 
Rhizostomeai, 261. 
Rhizostomidae, 252. 
Rhizotrogus, 590. 
Ilhodites, 594. 
Rhopalocera, 582, 584, 


Rhopalonema, 242. 
Rhyaeophila, 566. 
Khynehocoela, 339. 
Rhynchodesmus, 315, 
316. 

Rhynchota, 666. 
Rhyncobdellidas, 399. 
Ribs, 528. 

Rinderbremsc, 577. 
Root-lice, 127. 

Rbsel von Rosenhof, 133. 
Rosette of Echinoidea, 
296. 

Rostellum of Cestoda, 
327. 

Rotalia, 187. 

Rotatoria, 400. 

Rotifer, 404. 

Rotifera, 400. 

Rotula, 297. 

Roux, Breeding experi- 
ments, 142. 

Ruckenschwimmer, 572. 
Rudimentary organs, 
Meaning of, 156. 
Rugosa. 230. 

Riitimcyer, on origin of 
ox, 113. 

Sabolla, 382. 

Sabellaria, 382. 
Sac-bearers, 582. 
Saecharomyces, 206. 
Saccocirrus, 381. 
Sacconercis, 372. 379. 
Sacculina, 447. 

Saenurus, 385. 

Sagartia, 225. 

Sagitta, 357. 

Sagittal plane of Cteno- 
phora, 262. 

Salivary gland, 58. 
Salpingceca, i 96. 
Saltatoria, 557. 

Salticus, 504. 

Saltigrada?, 604. 
Sapphirina, 436. 
Barcode, 19, 22. 
Sarcolcmma, 45. 
Sarcophaga, 676. 
Sarcopsylia, 579. 
Sarcoptidae, 492. 

Sargus, 577. 

Sarnia prolifera, 289. 
Saturnia, 684. 

Satyrus, 585. 

Saw-flies, 594. 
Scalpellum, 446. 
Scaphognathite of Deca- 
poda, 476. 

Scatophaga, 676. 
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Scenopius, 576. 

Schaeffer, 133. 
Schattenmttcke, 578. 
Schilling, 137. 
Schildlause, 568. 
Schildwanzen, 572. 
Kchistocephalus, 338. 
Schizaster, 297. 
Schizomycetes, 206. 
Schizoneura, 570. 
Schizopoda, 472. 
Schizoprora, 311, 313, 
314. 

Schizostomum, 312. 
Schnabelfliegen, 563. 
Schnaken, 678. 
Schnepfenfliegen, 577. 
Schreitwanzen, 572. 

Sch warmer, 584. 
Schwebfliegen, 676. 
Sciara, 57#. 

Sciophila, 578. 

Sc later on Zoological 
Provinces, 160. 
Sclerodermites, 231. 
Sclerostomum, 350, 352. 
Sclerotic, 88. 

Scolex, 333. 

Scolia, 596. 

Scolopendra, 519. 
Scopula, 582. 

Scorpion, 510. 
Scorpionidea, 608. 
Scorpion-spiders, 506. 
Scuta of Cirri pedia, 439. 
Scutellidse, 297. 
Scutellum, 526. 
Scutigera, 518, 520. 
Scyllarus, 477. 
Scyphistoma, 125, 233 
255. 

ScyphomedussB, 231, 236, 
250. 

Sea feathers, 231. 

Sea long-worm, 343. 
Sea-urchins, 294 ; .Regu- 
lar, 296. 

Sebaceous .glands, 77. 
Secretory organs, 74. 
Sedentaria, 380. 
Sedimentary forma- 
tions : — 

Conditions of forma- 
tion of, 166, 169. 
Determination of age 
of, 164. 

Table of, 165, 
Segment, 27. 

Segmental organs, 75, 308, 
Segmentation cavity. 
116. 


Segmentation of ovum, 

110 . 

Selection, Artificial, 145. 
Selection, Sexual, 152. 
SemsBostome®, 260. 
Semen, 97. 

Semitae of Echinoidea , 
296. 

Sense organs, 83. 

Septa of Actinozoa, 228. 
Sergestes, 477. 

Sericteria, 632. 

Serolis, 460. 

Scrpula, 382. 

Sertularia, 242. 

Sesia, 584. 

Sex, 104. 

Sexual reproduction, 97. 
Sexual selection, 152. 
Sheeptick, 576. 

Shell glands, 75. 

Shell glands, Crustacea, 
410. 

Sialis, 563. 

Sida, 422. 

Silkworm, 584. 

Silpha, 590. 

Simonea, 492. 

Simple eye, 89. 

Simulia, 577. 
Singcicadcn, 571. 
Singmucke, 578. 
Siphonophora, 236, 243. 
Siphonostomata,, 435. 
Sipunculoidea, 392. 
Sipunculus, 394. 

Sirex. 594. 

Siriella, 474. 

Sitaris, 589. 

Skeleton, 78. 

Smellers of Tanaid®, 
459. 

Smerinthus, 584. 
Smynthurus, 554. 

So las ter, 293. 

Solenobia, 543, 581, 582. 
Solifugae, 511. 

Solpuga, 512. 

Spanish fly, 589. 
Spatangidae, 296, 279, 
295. 

Spatangidea. 273. 297. 
Spatangus, 297. 

Species, 140. 

Species : — Cuvier’s defi- 
nition of, 149; Muta- 
bility of, 144 ; Origin 
of, 144, 149^ 

Species, Relation of to 
genera, 149. 
Speckkafer, 590. 


Sperm, 97. 
Spermatophores, 99. 
Spermatozoon, 33, 97. 
Sphaeridia, 272. 
Sphaerodorum, 372, 379. 
Sphaeroma, 460. 
Sphaeronectes 250. 
Sphaeronites, 289. 
Sphaerophyra, 205. 
Sphrerotherium, 521. 
Sphaerozoum, 191. 
Sphaerularia, 356. 

Sphex, 552, 596. 
Sphingina, 584. 

Sphinx, 684. 
SphyroceplialuB, 311. 
Spicula of Nematoda, 
347. 

Spiders, 498. 

Spindle-tree moth, 382. 
Spinning glands, 532. 
Spinning mite, 495. 

Spio, 382. 

Spiodeae, 381. 
Spio-Nephthys larva, 
378. 

Spionidae, 381. 
Spiralzooids, 241. 
Spirillum, 206. 
Spirochaeta, 206. 
Spirographis, 382. 
Spiroptera, 348. 
Spirorbis, 372, 382. 
Spirostomum, 205. 
Sponges calcareous, 222 ; 
glassy, 221 ; gelatin- 
ous, 221; horny, 222 ; 
leyantinc, 221. 

Sponge type, 210. 
Spongia, 221. 

Spongiadae. 221. 
Spongiaria, 214. 
Spongilla, 218, 221. 
Spontaneous generation, 
10 . 

Spores, 97. 

Spores 128 ; of Trema- 
toda, 129. 

Sporocyst, 129, 319. 
Spring-llies 564. 
Springkafer, 589. 
Spring- tails, 564. 
Spumclla, 195. 

Squama, 672. 

Squilla, 472. 

Stag-beetle, 689. 
Staphylinus, 690. 

Star coral, 232. 
Star-fishes, 290, 292. 
Stauridae, 230. 
StaurocephaluH, 379. 
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Stechfliege, 676. 
Stelleridea, 292. 
Stemmata Arthropoda, 
408. 

StenorhynchuR, 478. 
Stentor, 205. 

Stephan oceroa, 404. 
Stephanosphfera, 195. 
Sterile polyp, 237. 
Sternum, 526. 

Stigmata, 71. 
Stilettfliegen, 676. 

Sting, 692. 

Stipes, 623. 

Stomatopoda, 470. 
Stomobracbium mira- 
bile, 239. 

Stomoxys, 576. 

Stone canal, 272. 
Stratiomys, 577. 
Strepsiptera, 565. 
Stridulantia, 571. 
Strobila, 126, 255, 256. 
Strongylidae, 347. 
Strongylocentrotus, 296. 
Strongylus, 352. 

Straggle for existence, 
145. 

Stutzkafer, 690. 

Stylaria, 386. 
Stylasteridae, 241. 
Stylochus, 316. 
Stylonychia. 205. 
Stylops, 566. 

Suberites, 229. 
Subgenital pits of Dis- 
cophora, 260. 
Submentum, 524. 
Suboesophageal gang- 
lion, 82. 

Sub-species, 141. 
Succession of similar 
types, 171. 

Suctoria, 205, 446. 
Summer eggs of Phyl- 
lopoda, 418. 

Summer eggs of Koti- 
fera, 403. 

Summer eggs of Turbel- 
laria, 313. 

Supra-oesophageal gang- 
lion, 80. 

Swallow tail, 585. 
Swammerdam, 133. 
Sweat glands, 77. 
Sycaltis, 222. 

Sycandra, 222. 

Sycetta, 220. 

Sycilla, 222. 

Sycon, 221, 222. 
Svcnnidae. 212, 217, 222. 


Sycortis, 222. • 

Syculmi8, 222. 

Sycyssa, 220. 

Syllis, 379. 

Syllis prolifera, 372. 
Symbiotes, 492. 
Sympathetic, 82. 
Synapta, 278, 283, 298, 
299. 

Synaptidse, 283. 

Syrphus, 576. 

System, Meaning of, 150. 
System of Aristotle, 132. 
„ Cuvier, 136. 

„ Linmeus, 1 35. 

Pliny, 132. 

„ Present day, 

138. 


Tabanida*, 574, 576. 
Tabanus, 577. 

Tachina, 576. 

Tachinae, 511. 

Tactile corpuscles, 47. 
Taenia, 327, 330, 331, 335. 
Taenia cucumerina, 329. 
Taeniadae, 334. 

Talitrus, 455. 

Tanais, 459. 
Tanystomata 576. 
Tanzfliegen, 576. 
Tapetenmotte, 582. 
Tapeworm 326. 
Tarantula. 504. 
Tardigrada, 496. 

Tarsus, 527. 

Taste, 92. 

Tegenaria, 504. 

Tegmina, 528. 

Tegulae, 591. 

Teleas, 594. 

Tcleas, larva of, 549. 
Telephorus, 589. 
Telepsavus, 382. 
Telepsavus- Chaetopterus 
larva, 378. 
Telolecithal, 112. 
Telotrocha, 378. 

Telson of thoracostraca 
461. 

Tenebrio, 589. 
Tenthredo, 594. 
Teratology, 51. 
Terebella, 382. 

Terebra, 592. 
Terebrantia, 594. 

Terga of Cirripedia, 439. 
Termes, 561. 

Termites, 659. 

Terricolae, 886. 

Tesselata, 289. 


Testis, 97. 

Tetracoralla, 230. 
Tetranychus, 495. 
Tctraphyllidse, 338. 
Tetraplasta, 194. 
Tetrapneumones, 504. 
TetrarhynchuB, 327, 338. 
Tetrastemma, 341, 342. 
Tettigonia, 571. 

Tettix, 558 
Tcxtularia„187. 
Thalamophora, 186, 
Thala8sema, 392. 

Th alas sicolla, 190. 
Thalassina, 477. 
Thamnocnidia, 241. 
Theca of Actinozoa,228. 
Thecla, 686. 
Thecodontidse, 175. 
Thelyphonus, 508. 
Thercva, 576. 

Theridium, 502, 505. 
Theriodonta, 175. 
Thomisus, 504. 
Thoracostraca, 460. 
Thread cells, 212. 
Threadworms, 344. 
ThripB, 559. 
Thysanopoda, 475. 
Thysanozoon, 316. 
Thysanura, 553. 

Tibia, 526. 

Ticks, 493. 

Tiger-beetles, 590. 
Tillodontia, 173. 
Tillotheiium, 173. 

Tima, 242. 

Tinea, 582. 

Tipula, 578. 

Tipuiarue, 577. 

Tissue, 29. 

Todfcengraber, 690. 
Tomopteris, 380. 
Tornaria. 300. 
Tortoiseshell butterfly , 
585. 

Tortrix, 582. 

Touch, 84. 

Toxodon, 170. 
Toxodontia, 173. 
Toxopneustes, 296. 
Tracheae, 70, 410. 
Trachelius, 204. 
Trachymedusae. 239, 242. 
Trachynema, 239, 242. 
Trachys, 689. 

Transverse plane of 
Ctenophora, 262. 
Trap-door spider, 504. 
Trematoda, 316. 
Trepang, 299. 
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Triaenophorus, 388. 
Trichina, 347, 348, 368, 
364, 366. 

Trichocephalus, 348, 863. 
Trichodectes, 336, 668. 
Trichodes, 689, 699. 
Trichodina, 205. 
Trichomonas, 194. 
Trichoptcra, 664. 
Trichosomum, 363. 
Trichotrachelidae, 353. 
Trigonia, 699*. 

Trilobita, 483. 

Triphsena, 583. 
Tristomum coccineum, 
323 

Trivium, 269. 

Trochal disc of Rotifers, 
401. 

Trochanter, 626. 

Troetcs, 569. 

Trogus, 596. 

Trombidium, 495. 
Trypeta, 576. 
Tube-spinner 504 
Tubicipella, 446. 
Tubicolai, 380. 
Tubicolaria, 401, 404. 
Tubifcx, 385. 

Tubipora, 231. 

Tubitclie,- 501. 

Tubularia, 239. 241. 
Tubulariae, 241. 
Turbellaria, 309. « 
Turbinolia, 232. 
Tylonclius. 357. 

Type, 52. 

Type of Desor, 341. 
Typhis, 456. 

Typhlosolc of Lumbri- 
cus, 383. 

Tyroglyphus, 492. 

Umbel lula, 231. 

Upper lip of Crustacea, 

1 12 . 

Uroceridae, 594. 

Uropodi of Crcvettina, 
454. 

Uterine bell of Acantbo- 
eephala, 361. 


Uterus, 99. 

Vagina, 99. 

Vampyrella, 194. 
Vanessa. 553. 585. 
Variability, 145. 
Varieties, 141. 

Variety, Relation of to 
species, 149. 

Vascular pore of Nema- 
toda, 346. 

Vascular system, 59. 

Vas deferens, 99. 

Vein, 62. 

Veins, 528. 

Velarium, 252. 

Velarium of Scvpho- 
medusae, 252. 

Velella, 246, 250. 
Velellidae, 244 , 

Velia, 572. 

Venous, 73. 

Ventral plate, 545. 
Ventriculi tidae, 221. 
Verctilium, 231. 

Vermes, 302. 

Vesiculte seminales, 99. 
Vesiculata, 239, 241. 
Vespa. 597. 

Vexiilum, 266. 

Vibrio, 206. 

Vine-lice, 570. 

Vinegar worm, 357. 
Visceral nerves, 82. 
Vitcllarium of Turbel- 
laria, 312. 

.Vocal organs, 552. 
Volvox, 195. 

Vortex, 313. 

Vortex viridis, 310. 
Vorticella, 205. 

Waffcnfliogen, 577. 
Wallace, 147. 
Warm-blooded, 74. 
Wasps, 597. 
Wasscrliiufcr, 572. 
Water-bugs, 571. 

Water- fleas, 419. 
Watermites, 495. 
Water-scorpions, 572. 


Water-spiders, 604. 
Water- vascular system, 
308, 311. 

W ater- vascular * vessels 
of Platyhelminthes 75. 
Wax glands, 532. 
Weevils, 588. 
Weizenfliege, 576. 

White ants, 659. 

White butterflies, 685. 
White coral, 232. 
Wickler, 582. 

Wings, 628. 
Winkelspinne, 504. 
Winter eggs of Rotifera, 
403. 

Winter eggs of Turbel- 
laria, 313. 
Winter-sleep, 74. 
Wolf-spider, 504. 
Wood-bees, 698. 
Wood-wasps, 594. 

Worm, Paste, 357. 
Worm, Vinegar, 357. 
Wotton, 133. 

Xantho, 478. 

Xenos, 566. 

Xiphosura, 480. 
Xylocopa, 598. 
Xylophaga, 589. 
Xylophagus, 577. 
Xylotomie, 576. 

Yolk, 111. 

Volk-cord, 543. 

Yolk, Effect of, on de- 
velopment, 120. 
Yponomenta, 582. 

Zerene, 583. 

Zoaea, 466. 

Zoautharia, 231. 
Zoanthus, 232. 

Zoogloca, 200. 

Zoological pro vi n ccs,l 60. 
Zoophytes, 209. 
Zoosperms, 209. 
Zoospores, 194, 197. 
Zoothammium. 205. 
Ziinsler, 582. 

Zygaena, 584. 
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